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ABSTRACT
Effects of basah intrusion on the multiphase 
evolution of the Jemez volcanic Geld, NM
by
Leigh Justet
Dr. Terry L. Spell, Examination Committee Chair 
Associate Professor of Geoscience 
University of Nevada, Las Vegas
Analysis of ̂ Ar/^^Ar age, m^or/trace element geochemical, and Nd and Sr
isotopic data indicates that the Jemez volcanic Geld, a long-lived continental volcanic
center located at the intersection of the Rio Grande riA and Jemez Lineament in northern
New Mexico, evolved in a complex two-phase maimer. The Jemez volcanic Geld
evolved two -3.8 m.y.-long pulses of volcanic activity separated by a -2.2 m.y. period of
eruptive quiescence. Each eruptive phase is composed of: (1) an initial -2  Ma period of
intense volcanic acGvity dominated by basalGc and andesiGc composiGons that formed by
variable amounts of mixing between lithospheric manüe-derived basalt and lower crustal
melts; (2) followed by a 0.3 to 0.8 m.y. period of eruptive quiescence; (3) and
culminating in the erupGon of ihyolite magmas Gom large, shallow silicic systems that
formed by the contaminaGon of lower crustal melts by lithospheric manGe-derived basalt.
This two phase model stands in contrast to the convenGonal view that long-Gved
continental volcanic centers simply evolve in an iiuGal protracted interval of maGc
in
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enqrdons that culminate in the formation of a large silicic system. ComposiGonal and 
enqrtive Gming trends predicted by models simulating basalGc intrusion into the lower 
crust (Annen and Sparks, 2002) imply that the Jemez volcanic Geld's evolution was likely 
controlled by several factors in addidon to the presence or absence of fault conduits as 
proposed by Gardner (1985) and Gardner and Goff (1984). The basalt intrusion model 
implies that the thermal eSects of modest constant basalt intrusion rates produces a 
diversity of magma composidons and intervals of erupdve quiescence as seen in the 
Jemez volcanic Geld.
IV
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sources and simple rrnxing arrays.................................................... 65
Figure 21 Hf versus Th plots depicting geochemical groins,
possible sources, and hypotheGcal Rayleigh GacGonaGon
trends............................................................................................... 69
Figure 22 Rb versus Sr plots depicting geochemical groups and
possible sources............................................................................... 70
Figure 23 REE/Chondrite diagrams depicGng geochemical groups
and possible sources........................................................................ 71
Figure 24 Hf versus Th plots depicting partial melting models....................... 73
Figure 25 Hf versus Th plots depicting the Tschicoma Formation
and possible apparent end members................................................ 93
Figure 26 Rb versus Sr plots depicting the Tschicoma Formation
and possible apparent end members................................................ 94
Figure 27 REE/Chondrite diagrams depicting the Tschicoma FormaGon
and possible apparent end members................................................ 95
Figure 28 Whole rock ^Sr/^Sr versus Ĝ d depicting the
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Studies of long-lived (i.e., millions of years) continental volcanic centers, such as 
Yellowstone, LaGr, San Juan, M t Taylor, and Timber Mountain/Oasis Valley volcanic 
fields (Riciputi et al., 1995; Farmer et al., 1991 ; Johnson et al., 1990; Perry et el., 1990; 
Riciputi and Johnson, 1990; Johnson and Lipman, 1988; Lipman et al., 1978; USGS, 
1972), suggest that their evolution is commonly characterized by an initial period of 
basalGc to andesiGc composiGon volcanism that culminates in sihcic caldera-fbrming 
eruptions. However, the relaGonship between this evolution and tectonic activity is 
unclear. A few studies have discussed the relaGonship between extensional tectonism, 
faulting, and volcanism in long-lived continental volcanic centers of western North 
America (Perry et al., 1990; Johnson and Lipman, 1988; Self et al., 1986; Gardner, 1985; 
Gardner and Gofi^ 1984). These studies suggest that increased extensional tectonic 
acGvity and resulting fault conduit fbrmaGon results in increased influx ofbasalGc 
magmas into the crust, increased erupGve rates, and a predominance of closed system 
magmaGc processes. These studies further argue that decreased extensional tectonism 
and resulting decreased fault conduit fbrmaGon reduces the rate of basalt intrusion into 
the lower crust and, decreases erupGve rates, and promotes open system processes. 
Volcanism in the Jemez volcanic field, NM, has been interpreted as evolving fiiom a
1
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mafic/intermediate system to a silicic caldera system primarilycontroUed by fault 
conduits resulting Gom extensional tectonic processes related to the formation of the Rio 
Grande riG (Gardner et al., 1986; Self et al., 1986).
Recent work on the Bearhead ihyolite (Justet and Spell, 2001), a large silicic 
magma system existing midway through the Jemez volcanic field's history, implies that 
the volcanic field may have evolved in two-phases, each characterized by an initial period 
of voluminous basaltic/andesitic or dacitic volcanism and culminated in the development 
of large silicic magma systems. This work further suggests that the field's evolution may 
not have been controlled solely by fault conduits. Detailed m oping in the vicinity of 
Bearhead ihyolite domes (GA. Smith, pers. comm.) indicates that the Beaihead ihyolite 
system and smaller volumes of andésite erupted during a time of active faulting. 
According to the fault conduit model, significant volumes of uncontaminated mafic 
magmas should have accompanied eruption of minor volumes of rhyolite.
This more complex evolution may be explained by another possible control on 
continental volcanic center evolution: basalt intrusion into the lower crust. This process 
was recently examined by Annen and Sparks (2002) using a one-dimensional thermal 
conduction model that simulates intrusion of basalt sills at a constant rate into the deeper 
parts of the crust. The simulations yield several patterns ^ lich  Annen and Spaiks (2002) 
have developed into a general model of volcanic field evolution. Intruding as small as a 
50 m thick basalt sill every 10,000 years over -1.6 Ma results in a progression of magma 
composiGons. Initial erupGons are primarily uncontaminated basalt. Over 10̂  to 10̂  
year periods, intruded basalt crystallizes and mingles with crustal melts. The resulting 
melts (andésite to ihyoGte) will display a wide range of geochemical and isotopic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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compositions that are a function of the abundance of hydrous phases in the crust and the 
temperature and water content of the intruding basalt. This type of process explains how 
some rhyolite exhibits mantle-like isotopic signatures and why many intermediate to 
silicic magmas form mixing arrays between mande and crust. After 10  ̂to 10  ̂years 
large enough volumes of crustal melt have formed that they begin to block the ascent of 
more mafic magmas. The buoyant under plating of the basalt below the silicic melt 
results in an eruptive lull and further enhances silicic melt generation. During this 
eruptive lull crustal melts continue to form, segregate and ascend to shallow crustal 
levels. Eruption fiom these large silicic magma chambers produces the "culminating" 
caldera-fbrming enqrtions described at Yellowstone, Latir, San Juan, Mt. Taylor, and 
Timber Mountain/Oasis Valley volcanic fields. Finally, the models also indicate that 
previously heated crust is predisposed to remelt if a subsequent magmatic event initiates. 
Annen and Sparks’ (2002) modeling only considered a single intrusion interval, 
therefbre, the details of this aspect of their model remain unclear.
Objectives and Methods 
This study’s goal is to evaluate the role of fault conduits and basalt intrusion in 
the evolution of the Jemez volcanic field. The fault conduit model suggests that the 
eruptive Gming and compositional patterns observed in the Jemez volcanic field are the 
result of die presence or absence of fault conduits. Alternatively, the basalt intrusion 
model attributes eruptive timing and composition patterns to the cumulative effects of 
iigected basaltic on the crust. Coiqiled sets of ̂ A r/^Ar age data, Wiole rock 
geochemical, and Sr and Nd isotopic data will constrain whether periods of intense
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Gmlting acGvity in the Jemez volcanic field coincide with the erupGon of large volumes 
of uncontaminated mafic magma and periods of modest faulting coincide with generaGon 
of more silicic magmas with large crustal components (fault conduit model), or whether 
uncontaminated mafic magmas erupted early in the volcanic field's evoluGon give way to 
the simultaneous generaGon of a spectrum of magma composiGons over -10^ to 10̂  year 
intervals (basalt intrusion model). Electron microprobe analysis will constrain whether 
variaGons in cherrnstry across feldspar phenocrysts record basalt recharge events (basalt 
intrusion model).
This study will also evaluate the possibility that crust beneath the volcanic field 
has been hybridized as a result of prolonged basalt intrusion (c.fi, RicipuG and Jonhson,
1990). Age-constrained isotopic data will constrain whether magmas contained an
increasingly large manGe-derived component (higher values) through the volcarGc
field's evoluGon. The data will also provide insight into the Gme scales over which 
hybridizaGon occurs.
Finally, this study will also examine the relationship between “culminating” 
sihcic events and the intermediate to mafic volcarnsm that precedes it through 
preliminary age-constrained major element, trace element, and isotopic modeling. 
Constraining this relaGonship remains one of the classic quesGons of igneous petrology 
because it is still unclear what geologic mechanisms generate such large volumes of 
silicic magma, how these large siGcic systems are maintained in the relaGvely cool crust 
for extended periods, and the volcanic risk these large systems may pose to humans.
This study presents the major and trace element geochemical, ^Sr/^Sr and Ĝ d
isotopic, and mineral geochemical data coGected fiom Keres and Polvadera Group
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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volcanic rocks that correspond to the revised ^Ar/^^Ar geochronology presented in this 
study and considers the ̂ Ar/^^Ar geochronologic data that exists on the Jemez volcanic 
field (this study, Justet and SpeU, 2001; Woldegabriel et al., 1996; Minchak, 1996; SpeG 
et al., 1996; McIntosh and Quade, 1995; SpeG and Harrison, 1993; Self et al., 1991), the
major and trace element, and ^Sr/^Sr and GNd isotopic work that has been completed on
the Tewa Group (SpeG et al., 1993; SpeG and Kyle,1989) and Cerros del Rio basalt 
(Woldegabriel et al., 1996; Dunker et al., 1991).
Tectonic Setting
Late Cenozoic volcanic and tectonic activity in New Mexico is concentrated 
along the Jemez Lineament and Rio Grande riA. The Jemez Lineament is likely a 
Proterozoic suture that is represented on the surface as a northeast trending array of 
volcanic centers reaching Aom southeast Arizona to northeast New Mexico (Figure 1) 
(Aldrich, 1986; Smith and BaGey, 1968).
The Rio Grande riA comprises a series of fault-bounded en-echelon sedimentary 
basins produced by extension of Precambrian basement and overlying Paleozoic 
sedimentary strata (Aldrich, 1986; DoeG et al., 1968). The Jemez volcanic field lies on 
the western flank of the Espa&ola Basin, at the intersection of the Rio Grande riA and the 
Jemez Lineament. The field straddles the western bounding faults of the Espafiola Basin; 
the Cahada de Cochiti and P^arito fault zones (Figure 2).
Two phases of late Cenozoic extensional deformation are recognized in the 
northern Rio Grande RiA. The first phase occurred in the late Eocene while the second 
lasted fi"om the late Oligocene to the middle Miocene (KeGey et al., 1992). The second
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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HmH Precambrian rocks
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Figure 1. Regional map showing the relationship between the Rio Grande 
rift, Jemez Lineament, and the Jemez volcanic field (after Self et al., 1986; 
Gardner and Goff, 1984; Baldridge et al., 1983). 1 = Canada de Cochiti and 
2 = Pajarito fault zones.

















Figure 2. Simplified geologic map of the Jemez volcanic field, NM (after Smith, Bailey, 
and Ross, 1970).
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extensional phase was characterized by r^ id  npliA and cooling of the riA Aanks (Kelley 
and C h^in, 1997; Kelley et al., 1992).
Geologic Units Composing the 
Jemez Volcanic Field
Volcanic rocks exposed in the Jemez volcanic Geld are Farmally divided into three 
groups: the Keres, Polvadera, and Tewa Groups (Smith et al., 1970; Bailey et al., 1969) 
(Figures 2 and 3). Keres Group rocks are primarily exposed south of the Toledo/Valles 
calderas and include Paliza Canyon basalt, andésite, and dacite, Canovas Canyon 
rhyolite, and Beaihead ihyolite. The Polvadera Group is exposed north and nordieast of 
the caldera and includes Lobato basalt, Tschicoma Formation andésite and dacite, and El 
Rechuelos ihyolite. Both the Keres and Polvadera Groups were erupted early in the 
volcanic field's history (-13 to 6 Ma, K-Ar ages, Gardner and Goff 1984), but Polvedera 
Group eruptions persisted until -2  Ma (K-Ar ages, Gardner and Goff 1984) while Keres 
Group eruptions did not. The culminating silicic eruptions of the Tewa Group began 
erupting after 1.85 Ma (Spell et al., 1996a, 1996b; Spell and Harrison, 1993; Self et al., 
1991; Goff et al., 1986; Heiken et al., 1986), aAer Keres and Polvedera Group eruptions 
ceased. The Tewa Group includes the lower (LBT) and upper (UBT) Bandelier tuff and 
the postcollapse Valles rhyolite (Figures 2 and 3). The Basalts of Santa Ana Mesa, El 
Alto, and Cerros del Rio are located along the southern, northern, and eastern periphery 
of the Jemez volcanic field, respectively. These small-volume basalt units are not 
included in the three designated groups despite their proximity to the Jemez volcanic 
field. To sim pli^ the large number of lithologie names used in the Jemez volcanic field, 
this study refers to each unit by group name and composition (e.g., Keres basalt.













i l  Tewa Group
g g  Basait of Cerros del Rio, El Alto, 
Santa Ana Mesa
|!!!!!!!̂  PolvaderaGroup 
I I Keres Group
S an ta  Fe G roup
Figure 3. Schematic diagram depicting the temporal and spatial distribution of 
units found in the Jemez volcanic field based on a K/Ar geochronology (modified 
from Gardner and Goff, 1984; Gardner, 1985).
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Polvadera andésite).
Previous Interpretations of the Jemez 
Volcanic Field
From their extensive field work in the southern Jemez volcanic field, Gardner 
(1985) and Gardner and GofT (1984) made several observations which led them to 
conclude that faults acting as magma conduits had a major influence on magmatic 
processes throughout the JVF's evolution. First, Keres Groiq) mafic to intermediate 
rocks are interbedded with the &ult-derived volcaniclastic Cochiti Formation. Second, 
Keres Group volcanic and Cochiti Formation volcaniclastic rocks are cross cut by the 
down-to-the-east Cafiada de Cochiti fault zone and thicken to the east across the fault 
zone. Finally, Canovas Canyon and Bearhead ihyolite domes commonly intrude, but are 
not cut by Caflada de Cochiti Aults. Gardner (1985) and Gardner and Gofi" (1984) 
attributed the faulting to the Rio Grande Rift, whereas Aldrich (1986) related the faulting 
to the Jemez Lineament.
K/Ar geochronology, major and trace element modeling, Sr and O isotopic data 
on the Keres Group, and consideration of Loeffier's (1984) geochemical work on the 
Polvadera Group led to the only model that has been proposed Far the overall evolution of 
the Jemez volcanic field (Gardner, 1985). In the fault conduit model, basanite 
interbedded with the Santa Fe Group (SE Jemez volcanic field) at -16.5 Ma along the 
Pajarito fault zone marked the inception of volcanism in the Jemez volcanic field and 
revived extension along the Rio Grande rift (Self et al., 1986; Gardner and Gofi  ̂1984). 
Gardner (1985) argues that the period fiom 13 to 10 Ma was a time of intense Aulting 
activity in the southern portion of the volcanic field (based on the field observations
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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mentioned above, and work of Golombek et al. (1983) on the Pajarito fault zone and 
EspaBola basin). Eruptive activity over this interval was characterized by bimodal 
volcanism (Keres and Polvadera Group basalt and Canovas Canyon ihyolite) Adhere the 
ihyolites were interpreted as lower crustal melts produced by the basalt.
Faulting along the Caflada de Cochiti Ault zone fiom 10 to 7 Ma provided 
conduits Ar the enqition of a large volume of intermediate-composition differentiates of 
the basalt (Keres andésite) which account A r —50% of die eruptive volume of Ae 
volcanic field (Gardner and Gofi  ̂ 1984). Around 8-7 Ma volcanic activity sharply 
decreased and minor volumes of Polvadera andesiA and daciA began to erupt in Ae norA 
Jemez volcanic field.
From 7 A 4 Ma Keres daciA and Bearhead rhyoliA erupted m Ae southern 
portion of the volcanic field (Self et al., 1986; Gardner and Gofi^ 1984). Gardner and 
Goff (1984) argue that lack of basaltic volcanism over this interval was likely Ae result 
of a lull m faulting based on the relationship between basaltic volcanism and intense 
faulting earlier in Ae Jemez volcanic field’s evolution, a lack of fault exposures in the 
Polvadera Group, and regional eruptive and faultmg patterns noted by other workers 
(Baldridge and Perry, 1983; Seager et al., 1983; C h^in, 1979; Manley, 1979; Axelrod 
and Bailey, 1976; ScoA 1975; Taylor, 1975). They further argue that over this interval 
basalt coalesced wiA high silica rhyoliA A Arm large volume hybrid magma chambers 
because Ae magmas had no condmA by which A be rapiAy vented.
Renewed faulting -4  Ma was marked by Ae eruption of basalA fiom Cerros del 
Rio, Santa Ana Mesa, and El AlA, around Ae eastern, souAem, and northern margins of 
Ae volcanic field, respectively. Their respective locations at the edge of Ae Jemez
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volcanic field are taken A mdicaA Ae existence of large hybrid magma chambers 
beneaA the Jemez volcanic fielA Gardner (1985) also suggests that the presence of Aese 
large hybrid systems m Ae upper crust caused Aulting A shift fi-om Ae Caflada de 
Cochiti A the norA-trending portion of the PajariA Ault zone.
Finally, Ae Bandelier tuff enqked during two culminating silicic events at -1.6 
and -1.2 Ma which Armed the Toledo caldera and coincident Valles caldera, 
respectively. The Valles rhyoliA was subsequently erupted <1.2 Ma (Reneau et al.,
1996; SpeG et al., 1996b; Izett and Obradovich, 1994; SpeG and Harrison, 1993).
Gardner (1985) and Gardner and Gofi" (1984) do not postulaA wheAer Ae rhyoGA was 
erupted during a time of active faulting.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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REVISED GEOCHRONOLOGY OF THE JEMEZ 
VOLCANIC FIELD
As in most large volcanic fields which have been studied over a period of decades 
by numerous independent workers, a large part of Ae Jemez volcanic field's 
geochronologic database derives finm K/Ar dates of variable quality determined m a 
number of difierent labs. Thus, there is little organized, reliable geochronologic control 
on the timing of eruptions m the Jemez volcanic field. The data are especially sparse Ar 
Ae first -5  m.y. of Ae volcanic field's evolution (Gardner and Go A  1984; Leudke and 
Smith, 1978; Dalrymple et al., 1967). The exceptions are silicic magmas erupted during 
the past ~2 m.y. (Spell et al., 1996a, 1996b; Spell and Harrison, 1993; Self et al., 1991; 
GofF et a l, 1986; Heiken et al., 1986), 2.0 A 2.8 Ma mafic lavas of Ae Cerros Del Rio 
(Woldegabriel et al., 2001; Woldegabriel et al., 1996), and Ae Bearhead AyoliA (Justet 
and Spell, 2001 ; McAtosh and Quade, 1996), which have been extensively dated by Ae 
^Ar/^^Ar method. A compleA and precise geochronology, based solely on ^Ar/^Ar 
ages, is needed A assess Ae viability of the magma evolution time scales and periods of 
eruptive qmescence predicted by Ae basalt mtrusion model of Armen and Spaiks (2002) 
as wefi as relationship between volcanism and periods of faulting activi^ proposed by
13
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Gardner and Goff (1984), Gardner (1985), and Self et al., (1986).
Summary of Previous Geochronologic 
Work
Based onK/Ar ages determined 6)rKeres and Polvadera Groiq) basalt (Manley 
and Mehnert, 1981; Baldridge et al., 1980; Bachman and Mehnert, 1978; Leudke and 
Smith, 1978; Manley, 1976; Dalrymple et al., 1967) and the ^A r/^A r geochronology 
discussed above, the following model &r the chronologic evolution of the Jemez volcanic 
field has emerged (Figure 3). Volcanic activity began -16.5 Ma with the eruption of 
alkali basalt in the Espahola basin (Self et al., 1986; Gardner and GofE, 1984).
Significant volcanism began -16-10 Ma with the bimodal eruptions of Keres and 
Polvadera basalt and Canovas Canyon rhyolite (in the southern portion of the volcanic 
field) (Goff et al., 1989; Self et al., 1984; Gardner and Goff, 1984). From 10 to 7 Ma, 
large volumes of andésite were erupted in the southern portion of the Geld. Minor 
volumes of andésite and dacite were erupted from -8  to -7  Ma in the north and south 
Jemez volcanic Geld (Goff et al., 1990).
A tectonic lull began -7-6 Ma and lasted until -4-2 Ma (Goff et al., 1989; Self et 
al., 1986; Gardner and GoG  ̂1984). Over this interval dacite and Bearhead rhyolite 
erupted (Self et al., 1986; Gardner and Goff, 1984). The Bearhead rhyolite was thought 
to form a continuum of small volume silicic erupGons with the Canovas Canyon rhyolite 
over a prolonged period ranging G-om -14 to 6 Ma (Self et al., 1986; Gardner and Goff 
1984). Andésite, dacite, and rhyodacite of the Polvadera Group appear to be the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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dominant eruptive products between -7  and 2 Ma (GoG et al., 1989; Gardner et 
al., 1986).
Renewed tectonic activity in the Jemez volcanic Geld -2-4 Ma is marked by the 
enqytion of Polvadera Groiq) dacite (GoG et al., 1989; SeG et al., 1986; Gardner and GoG 
1984). Around 4-2 Ma, El Rechuelos rhyolite enqited in the northern portion of the 
volcanic Geld and basalts of Cerros del Rio, El Alto, and Santa Ana Mesa erupted around 
the eastern, northern, and southern margins of the volcanic Geld, respectively (WolG et al, 
2000; Woldegabriel et al., 1996; Dunker et al., 1991; Turbeville et al., 1989; Baldridge, 
1979; Smith et al., 1970). The ihyoliüc Tewa Groiq) ranges Gom -1.85 Ma to 50 ka and 
is dominated by the Bandeher tuG (erupted during two events a t-1.6 and -1.2 Ma) but 
includes the Valles Rhyolite fbrmaGon (<1.2 Ma) (Reneau et al., 1996; Spell et al.,
1996b; Izett and Obradovich, 1994; Spell and Harrison, 1993). Eruption of Bandelier tuG 
produced the Toledo and Valles calderas which mark the volcanic field’s culminating 
silicic phase.
^Ar/^^Ar Results
41 representative samples collected Gom the Keres and Polvadera Group were 
selected G)r ^Ar/^^Ar analysis based on locaGon and trace element geochemical trends 
(see Chapter 3). The basalt of El Alto was not sampled because its volume is minor, and 
basalt of Santa Ana Mesa was not targeted for analytical work in this project due to its 
restricted access. Thus, the samples analyzed by this study, coupled with existing 
^Ar/^^Ar dates, span the entire erupGve history of the Jemez volcarnc Geld. See
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Appendix E for details on sample preparation, instrumental parameters, and
data treatment All analytical data are reported at the confidence level of 1er (standard
deviation) unless otherwise noted.
Samples selected for ̂ A r/^A r analysis displayed a variety of gas release patterns. 
Figures 4 to 6 present representative age spectra and isochrons of samples that are either 
important in constraining the timing of volcanism in the Jemez volcanic field or represent 
the range of results obtained by this study. A surrunary of*^Ar/^Ar dates obtained by this 
study are listed in Table 1, and the fidl data set is provided in /qxperxlix B. Isochron ages 
are the preferred ages unless otherwise noted.
Sample BAS 3 (Figure 4) is a fbidite that is interbedded with Santa Fe Group rift- 
fill sediment and, thus, is thought to represent the inception of volcanism in the 
Jemez volcanic field (GoG et al., 1990). Analysed BAS 3 groundmass yielded a 
discordant age spectrum which may suggest the presence of excess argon. The isochron 
for BAS 3 indicates that (^Ar/^Ar), (initial ^Ar/^^Ar) is 332 ± 1, well above the 
atmosperic value (295.5), and yields an age of 15.38 ± 0.30 Ma, significantly lower than 
the total gas age (45.65 ± 0.35 Ma) and maximum age (20.20 ± 0.39 Ma) fiom the age 
spectra. Sample BAS 3 was collected fiom the same location where GoG et al. (1990) 
obtained a K/Ar age of 16.5 ± 1.4 Ma, the oldest age reported fiom the Jemez volcanic 
field.
Sample LB 17 (Figure 4) is a basalt groundmass sample that is typical ofLobato 
basalt samples analyzed during this study. The U-sh^)ed age spectrum indicates the 
presence of excess argon, and yields a total gas age of 88.80 ± 0.33 Ma and a maximmn
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 4. Representative isochrons and age spectra for step heat ̂ Ar/^Ar analyses. Error 
for each step and ellipse are shown at lo . Arrows on the ^ArT"Ar axes indicate the 
composition of atmospheric argon. Bold steps on age spectra indicate plateau segments.
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Figure 5. Representative isochrons and age spectra for step heat Ar analyses. Error 
for each step and ellipse are shown at lo . Arrows on the ^Ar/^Ar axes indicate the 
composition of atmospheric argon Bold steps on age spectra indicate plateau segments.
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Figure 6. Representative isochrons and age spectra for step heat ̂ Ar/'Ar analyses. Error 
for each step and ellipse are shown at la . Arrows on the ^Ar/°Ar axes indicate the 
conqwsition o f atmospheric argon. Bold steps on the age spectra plots indicate plateau 
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Sample Mapped unit Rock type 
(LeBas et al., 1986)
Geographic location LmL(N) Long.(W) bochron 
Age (Mm) ± lo
BSP3 Canovas Canyon rhyolite trachydacite SWJVF Bear Springs Peak 35°39'48" 106°32'52" 8.00 ± 0.60
BSP7 Canovas Canyon rhyolite rhyolite SWJVF Bear Springs Peak 35°40'18" 106°33'53" 8.65 0.35
BSP8 Canovas Canyon rhyolite rhyolite SWJVF Bear Springs Peak 35°40'18" 106°33'45" 6.80 ± 0.04
BDl Canovas Canyon rhyolite rhyolite SWJVF Borrego Dome 35°38.4' 106°35.9' 9.30 ± 0.05
SSMM2 Canovas Canyon rhyolite dacite SEJVF Sanchez Canyon 35°44'00" 106°23'18" 9.14 ±0.27
SSMM3 Keres dacite trachydacite SEJVF Sanchez Canyon 35°43'52" 106°23'10" 8.58 ±0.13
Tkbdl Keres dacite trachydacite SEJVF S of Cerro Picacho 35°43'53" 106°2232" 9.08 ± 0.06
Tcd2 Keres dacite trachyandesite SWJVF N Peralta Ridge 35°4703" 106°31'48" 8.85 ±0.17
Tcd4 Keres dacite trachydacite SWJVF E of Cerro del Pino 35°45'34" 106°3436" 9.42 ± 0.22
Tcd8 Keres dacite trachyandesite SWJVF SW of Ruiz Peak 35°42'30" 106°33'53" 9.11 ±0.07
BP3 Keres andésite trachyandesite SWJVF W of Boundary Peak 35°45'58" 106°21'52" 8.86 ± 0.14
ECPl Keres andésite basaltic trachyandesite SEJVF E of Cerro Picacho 35°44'15" 106°22'05'' 8.37 ±0.21
PCAl Keres andésite dacite WJVF E of Fenton Lake 35°53'07" 106°40'43" 3.86 ± 0 08
SPD Keres andésite trachyandesite SEJVF St. Peter's Dome 35°45'26" 106°22'09" 8.97 ±0.10
Tkal Keres dacite dacite SEJVF N of Sanchez Canyon 35°46"23" 106°25'05" 7.86 ±0.14
Tkoal Keres andésite trachydacite SWJVF NW of Boundary Peak 35°46'36" 106°21'43" 9.38 ±0.13
Tca2 Keres andésite trachyandesite SWJVF Cerro Pelado 35°46'48" 106°32'5r 8.78 ±0.14
Tpa5 Keres andésite basaltic trachyandesite SWJVF Cerro Pelado 35°4700" 106°33'25" 9.44 ±0.21
Tcall Keres andésite trachyandesite SWJVF N of Guacamala Canyon 35°44'09" 106°33'43" 8.91 ± 0.06
Tcal2 Keres andésite trachyandesite SWJVF N of Guacamala Canyon 35°43'51" 106°34'04" 8.90 ± 0.07
Tcal4 Keres andésite trachyandesite SWJVF N of Guacamala Canyon 35°4331" 106°34'58" 8.29 ±0.15
Tsb3 Keres basalt trachybasalt SWJVF N of Cerro del Pino 35°46'08" 106°36'09" 8.95 ± 0.21
SBD Keres basalt basalt SWJVF S of Borrego Dome 35°3T32" 106°36'10" 10.96 ± 0.29
































Table 1. Summary of ̂ Ar/^Ar âge* from the Jemez volcanic Geld, NM
Sampk Mapped unit Rock type 
(LeBas et ai., 1986)
Geographic location Lat.(N) Long.(W) Isochron 
Age (Mm) ± l a
WBMF Keres basait basait SWJVF E of Borrego Mesa 35°39.5' 106°35.8' 8.49 ± 0.47
ER4 El Rechuelos rhyolite rhyolite NEJVF NW of Polvadera Peak 36°05'07" 106°25'47" 2.21 ± 0.01
ER6 El Rechuelos rhyolite rhyolite NEJVF El Lagunito Palo Quemador 36°05'46" 106°24'13" 2.09 ±0.17
ER7 El Rechuelos rhyolite rhyolite NEJVF NW of Cienga Redonda 36°01'58" 106°2y03" 7.10 ±0.50
ER8 El Rechuelos rhyolite rhyolite NEJVF S Canoncito Seco 36°0i'26" 106°28'28'' 1.18 ± 0.04
TDIO Polvadera dacite dacite NEJVF NE of Polvadera Peak 36°05'20'' 106°23'21" 2.97 ± 0.22
TD13 Polvadera dacite dacite NEJVF NW of Agua Caliente Spring 36°10'30" 106°22'18" 3.79 ±0.21
TD20 Polvadera dacite andésite NWJVF SE of Cerro del Grant 36°00'18" 106°30'45" 7.17 ±0.12
TD24 Polvadera dacite trachyandesite NWJVF Cerro Pelon 36°01'13" 106°36X)4" 7.43 ±0.14
TD25 Polvadera dacite dacite NEJVF NW of Los Cerros 36°01'49" 106°16'56" 9.23 ± 0.26
LB9 Polvadera basait basait NEJVF Lobato Mesa 36°06'42" 106°IT58" 8.77 ±0.19
LBIO Polvadera basait basaltic andésite NEJVF Lobato Mesa 36°06'51" 106°17'56" 10.50 ±0.10
LBll Polvadera basait basait NEJVF Lobato Mesa 36°06'51" 106°1756" 9.39 ±0.24
LBI4 Polvadera basait basait NEJVF Polvadera Mesa 36°08'50" 106°25'38" 7.71 ±0.18
LB17 Polvadera basait basait NEJVF NW Clara Peak 36°02'24'' 106°1434" 9.82 ± 0.28
LB16 Polvadera basait basait NEJVF Santa Clara Canyon 36°01'0r 106°1717" 9.80 ± 0.80
BAS3 Alkali basalt in Santa Fe Fm. fbidite SEJVF S of Cerro Picacho 35°43'47.5" 106°21'40.5" 15.38 ±0.30
w
22
age of 11.27 ± 0.26 Ma. The isochron for this sample confirms that excess 
argon is present ((^Ar/^^Ar)i = 351 ± 5) and yields an age of 9.82 ± 0.28 Ma.
Sample Tsb 3 (Figure 4) is a trachybasalt groundmass sample that is 
representative of Keres Group basalt. The age spectrum is discordant, with generally 
decreasing ages. A plateau age of 10.25 ± 0.17 Ma is deSned by steps 3 through 6 
(%^̂ ArTd = 49), signiGcantly younger than the 11.34 ± 0.10 Ma total gas age. The 
presence of a small amount of excess argon is substantiated by an isochron using all 11 
steps, which yielded an age of 8.95 ± 0.21 Ma and (^Ar/^Ar), of 307 ± 3.
Sample LB 10 (Figure 4) is a basaltic andésite groundmass sample collected hem  
the base of the section at Lobato Mesa and represents the oldest Lobato basalt sample 
dated in this study. The U-shaped age spectrum may suggest that the sample contains 
excess argon, however, the (*^Ar/^Ar)i value obtained hom the isochron (295 ± 3) 
overlaps atmospheric composition. Furthermore, the plateau age (%^̂ ArKi = 54.3) and 
isochron age are indistinguishable at 10.50 ± 0.10 Ma. In this case the high initial ages 
may be caused by recoil loss of ̂ ^Ar (Turner and Cadogan, 1974) hom fine grained 
groundmass phases (which degas at the lowest temperatures due to their small size).
Sample Tpa 5 (Figure 5) is a basaltic trachyandesite groundmass sample of Keres 
Group andésite. This sample gave a highly discordant age spectrum (total gas age =
15.18 ± 0.07 Ma, maximum age = 10.13 ± 0.07 Ma). An isochron yielded an age of 9.44 
± 0.21 Ma and (*^Ar/^Ar)i = 321 ± 5, indicating the presence of excess argon.
Sample TD 24 (Figure 5) is a plagioclase separate 6om a trachyandesite hom the
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Tschicoma Formation. The U-shaped age spectrum yielded a plateau age of 
7.88 ± 0.03 Ma (%^̂ Arnd = 55.2) that is younger than the total gas age (12.18 ± 0.06 Ma). 
The presence of excess argon is confirmed by an isochron \\hich indicates an (^Ar/^^Ar), 
of 321 ± 5 and an age of 7.43 ± 0.14 Ma.
Sample TD 25 (Figure 5) is a plagioclase sample &om a dacite &om the 
Tschicoma Formation. The discordant (and broadly U-shaped) age spectrum yielded a 
total gas age of 18.60 ± 0.09 Ma and no plateau. The isochron yielded a younger age of 
9.23 ± 026 Ma and (^Ai/^Ar)i of 317 ± 9, thus indicating the presence of excess argon.
Sample TD 13 (Figure 5) is an amphibole sample &om another dacite hom the 
Tschicoma Formation. The age spectrum yielded a total gas age of 7.01 ± 0.08 Ma and 
no plateau age. The presence of excess argon is confirmed by an isochron which 
indicates an (^Ar/^^Ar), of 326 ± 4 and an age of 3.79 ± 0.21 Ma.
Sample Tkbd 1 (Figure 6) is a plagioclase separate hom a trachydacite horn the 
Keres Group. The indistinguishable plateau and isochron ages (9.12 ± 0.06 Ma and 9.08 
± 0.06 Ma, respectively), and ( °̂Ar/̂ ®Ar)i value of 306 ± 8 imply that the sample 
contained no signiGcant excess argon.
Sample BSP 7 (Figure 6) is a plagioclase sample Gom the Canovas Canyon 
rhyolite. The moderately discordant age spectrum yielded a total gas age of 12.38 ± 0.08 
Ma and a signiGcantly younger maximum age of 8.73 ± 0.25 Ma. A valid isochron 
yielded an indistinguishable age of 8.65 ± 0.35 Ma and an (^Ar/^Ar)i value of 367 ± 22 
that exceeds atmospheric composition.
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Sample ER 4 (Figure 6) is a sanidine separate Gom an El Rechuelos 
rhyolite sample. The mostly concordant age spectrum did not yield a plateau age but did 
yield a total gas age of 2.49 ± 0.01 Ma. A valid isochron indicates the presence of excess 
argon ((^Ar/^^Ar)i = 331 ± 6) and an age of 2.21 ± 0.01 M a The high initial ages are 
likely produced by the presence of excess argon combined with low radiogenic yields of 
the lower temperature steps. The higher radiogenic yields of higher temperature steps are 
less aSected by the composition of the initial argon.
ReGned Geochronology of the Jemez Volcanic Field 
Based on ^A r/^A r Dating
The results of this study show that inception of volcanic acGvity in the Jemez 
volcanic Geld began 15.35 ± 0.30 Ma with the erupGon of small volumes of alkali basalt 
in the southeastern portion of the Geld (Figures 7A, 8, and 9). AAer an apparent -3  m.y. 
lull, enqrtive acGvity resumed Gom -12.4 Ma (Minchak, 1996) to -10.5 Ma as small 
volume Polvadera Group basalGc andésite and Keres Group basalt erupGons in the 
northeast and southwest porGon of the Jemez volcarnc Geld, respecGvely. From -9.8 to 
7.9 Ma large volumes of Keres and Polvadera Group andésite and basalt, accomparned by 
minor volumes of Keres and Polvadera Group dacite and Keres Group rhyoGte, were 
enqrted in the north and south Jemez volcanic Geld (Figures 7A, 8, and 9). During this 
-1.9 Ma interval —36% of the total volume of the Jemez volcanic Geld was erupted, 
primarily as Keres Group andésite, basalt, and basalGc andésite (Figures 9 and 10 and
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Figure 7. (A) Probability distribution plot of ̂ Ar/^Ar data 6om Justet and Spell (2001), 
Woldegabriel et al. (2001), Self et al. (1991), Minchak (1996), Spell et al. (1996a), 
McIntosh and Quade (1995), Spell and Harrison (1993), and dûs study. (B) Probability 
distribution plot of K/Ar data 6om Heiken et al. (1986), Gardner and GofF (1984), 
Manley and Mehnert (1981), Baldridge et al. (1980), Leudke and Smith (1978), 
Bachman and Mehnert (1978), Doell et al. (1968), and Daliymple et al. (1967).
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Figure 8. Temporal and spatial relationships of volcanism in the JVF based on 
^Ar/"Ar dating. Uncertainties are presented at 2o. Basalt ofCerros del Rio 6om 
Woldegabriel et al. (2001,1996). Basalt 6om Santa Clara Canyon &om Minchak 
(1996). Tewa Group ages from Spell et al. (1996a), Spell and Harrison (1993), and 
^ I f  et al. (1991). Bearhead rhyolite ages 6om Justet and Spell (2001). Peralta tuff 
ages f"om McIntosh and Quade (1995). All other Keres and Polvadera Group ages 
&om this study.
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Figure 9. Histogram of ̂ Ar^Ar ages obtained for the Jemez volcanic field, NM with 
enq)tive volume estimates (Table 2). Basalt of Cerros del Rio, and older basalt from 
Woldegabriel et al. (1996). Basalt 6om Santa Clara Canyon 6om Minchak (1996). 
Tewa Group ages from Spell et al. (1996a), Spell and Harrison (1993), and Self et al. 
(1991). Bearhead rhyolite ages from Justet and Spell (2001). Peralta tufT ages from 
Justet and Spell (2001) and McIntosh and Quade (1995). All other Keres and Polvadera 
Group ages fiom this study.
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Figure 10. Schematic time versus eruptive volume diagram using the 
^Ar/^Ar data refierenced in Figure 7A and the eruptive volume estimates 
6om  Table 2. Black circles denote the average age of each unit (e.g., 
Keres basalt, Polvadera dacite) in the JVF and estimated volume. The 
black line is inferred.
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Table 2). Beginning -7.4 Ma, relatively minor volumes of Polvadera Group 
andésite were erupted in the northwestern portion of the Jemez volcanic held. The 
Jemez volcanic Geld's first large ihyolitic magma system, the Bearhead rhyolite (Justet 
and Spell, 2001), developed by 7.1 Ma, after an apparent 0.8 Ma period of relative 
eruptive quiescence. By -6.5 Ma Bearhead rhyolite eruptions ceased but were followed 
by minor geochemically unrelated rhyolitic eruptive activity -6.0 Ma (Cerrito Yelo dome, 
Justet and Spell, 2001). These 6.0 Ma eruptions mark the waning stages of the hrst 
eruptive phase in the Jemez volcanic held. During an extended period of diminished 
volcanic activity hom 6.0 to 3.8 Ma, minor volumes of Polvadera Group andésite were 
erupted along the northern periphery of the Jemez volcanic held (Figures 7A, 8, and 9). 
The second interval of signihcant mahc to intermediate volcanism in the Jemez volcanic 
held occurred hom 3.8 to 2.1 Ma and is characterized by voluminous eruptions of 
Polvadera dacite (-19% of the estimated total eruptive volume of the Jemez volcanic 
held), accompanied by subordinate volumes of El Alto, Santa Ana Mesa, and Cerros del 
Rio basalt and El Rechuelos rhyolite (Figures 9 and 10 and Table 2). After an apparent 
0.3 Ma period of eruptive quiescence, the caldera forming eruptions of the Bandelier tuff 
magma system began a t -  1.85 Ma and continued to 1.22 Ma. Small volume eruptions of 
the Valles rhyolite lasting from 1.13 Ma to <50 ka (Reneau et al., 1996; Spell et al.,
1996b; Spell and Harrison, 1993) mark the waning sages of the second eruptive phase.
This rehned chronology implies that there was one volumetrically major period of 
andesitic and basaltic volcanism in the Jemez volcanic held at -9.8 to 7.9 Ma and one 
m ^or period of dacitic volcanism a t-3.8 to 2.1 Ma.
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Table 2. Eruptive volumes estimates for the Jemez volcanic field, NM
Unit Volume (km^* Reference % JV F
Post Collapse rhyolite 20 this study 1.2
Cerro Toledo rhyolite 30 Stix and Layne (1996);
Stix and Gorton (1990)
1.9
Upper and Lower Bandelier tuff 650 Self et al. (1996) 40
San Diego Canyon ignimbrite <10 Turbeville and Self (1988) 0.6
El Rechuelos rhyolite 0.6 this study 0.04
El Alto basalt 4 this study 0.2
Santa Ana Mesa basalt 30 this study 1.9
Cerros del Rio basalt 60 Dunker et al. (1991) 3.7
Polvadera dacite 300 this study 19
Polvadera andésite 30 this study 1.9
Bearhead rhyolite 15 this study 0.9
Paliza Canyon dacite 8 dlls study 0.5
Paliza Canyon andésite 260 this study 16
Paliza Canyon basalt 150 this study 9.3
Polvadera basalt 35 this study 2.2
Canovas Canyon rhyolite 18 this study 1.1
♦Estimates were calculated tracing the areal extent of each unit from 
the geologic map of the Jemez Mountains (Smith, Bailey, and Ross, 1970) 
then tabulating the area of each eruptive unit by placing a 1 km by 1 km grid 
over the tracings. Unit thicknesses were determined by searching the literature 
for the most recent estimates of unit thicknesses (e.g.. Gay and Smith's, 1996, 
estimate of the thickness of the Peralta tuff  ̂) or by using the geologic map of 
Smith, Bailey, and Ross (1970) to determine minimum and maximum thickness 
of units.
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Each of these periods preceded development of the large silicic magma
systems. Finally, the data indicate that lulls in eruptive activity occurred between these
intermediate to maGc-dominated pulses and the "culminating" silicic ones that followed.
Comparison between ''̂ Ar/^^Ar and K/Ar Ages in the 
Jemez Volcanic Field
The new '̂ ^Ar/̂ ^Ar dates clearly show distinct periods of eruptive activity 
separated by well deGned quiescent periods that the K/Ar data does not (Figure 7). In 
comparing ^Ar/^^Ar and K/Ar ages Gom the Jemez volcanic Geld, Gve important 
observaGons emerge: (1) the K/Ar ages are generally older than the ^Ar/^^Ar ages; (2) the 
less precise K/Ar data allude to the intervals of increased erupGve acGvity in the JVF, but 
do not resolve them as accurately or precisely as the ''^Ar/^^Ar data; (3) the K/Ar data do 
not resolve the periods of eruptive quiescence preceding each “culminating” silicic event 
indicated by the ''̂ Ar/^^Ar data; (4) Gie K/Ar data do not constrain the erupGve lull 
between the two eruptive phases as precisely as the '"^Ar/^̂ Ar data; and (5) the '*°Ar/̂ ®Ar 
data indicate that Bearhead and Canovas Canyon rhyoGte are separated in age by 1.2 m.y. 
and, therefore, do not represent a suite of continuously erupted rhyoliGc magmas as 
impGed by the K/Ar data (Figure 7). The K/Ar ages overestimate the onset of volcainsm 
in the Jemez volcanic Geld by -1 Ma and imply that erupGve acGvity occurred over 
protracted -3.5 m.y. Gme intervals rather than in shorter -1.0 to 1.9 m.y. intervals 
indicated by the "*̂ Ar/̂ ^Ar data (Figure 7). In large part the discrepancies between the 
K/Ar and ̂ A n^A r data may be the result of Gie presence of excess argon because 81% of
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the samples dated in this work display U-shaped age spectra and (^Ar/^Ar), 
values that exceed the ^A r/^A r composiGon of the atmosphere.
ImplicaGons for the EvoluGon of the 
Jemez Volcanic Field
The reGned chronology provided by this stu(^ implies that the Jemez volcanic 
Geld evolved in two phases (Figure 11). The Grst phase lasted Gom -9.8 to 6.0 Ma, 
producing erupGons distributed primarily in the southern Jemez volcanic Geld, 
and accounts for -36% of the total enqAed volume of the Jemez volcanic Geld. All 
magma composiGons were produced, but andésite (-16% of the Jemez volcanic Geld's 
volume) and basalt (-12% of the Jemez volcanic Geld's volume) dominated. The Grst 
erupGve phase culminated in the producGon of a large, shallow siGcic magma system 
represented by the Bearhead rhyolite (6.5 to 7.1 Ma). RhyoGGc eruptions Gom Cerrito 
Yelo dome —6.0 Ma mark the waning stages of the Grst erupGve phase. There was a —0.8 
m.y. period of diminished activity between erupGon of the more maGc-composiGon 
magmas and the Bearhead rhyoGte. The second phase lasted Gom 3.8 Ma to 50ka and is 
dominated by dacitic magmas that were erupted Gom 3.8 to 3.0 Ma in the northern Jemez 
volcarnc Geld (-19% of the Jemez volcarnc Geld's erupted volume). The culminating 
sGicic intervals of the BandeGer tuff magma system (1.6 to 1.21 Ma) occurred after an 
-0.3 m.y. interval of quiescence fbUowing the more maGc volcanism that preceded it.
The postcoGapse VaUes rhyoGte (1.13 Ma to 50 ka) marks the waning stages of the 
second erupGve phase.
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Figure 11. Probability distribution plot of ̂ Ar/'Ar data &om the JVF with hypothesized
phases included. References same as Figure 7A.
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The observed eruptive patterns are most elegantly explained by the 
processes described in the basalt intrusion model. The eruptive lulls which precede each 
"culminating" silicic system (0.8-0.3 m.y.) in the Jemez volcanic Geld are of similar time 
scales as basalt under plating and crustal melting hypothesized by the basalt intrusion 
model. Alternatively, the 6u lt conduit model requires that decreased eruptive volumes 
and eruptive quiescence result Gom fault inactivity. Existing data on the Jemez volcanic 
Geld suggests that acGve Aulting was occurring during periods of eruptive quiescence. 
Detailed Geld work conducted by Gardner (1985), G.A. Smith et al. (2001), and G A . 
Smith (pers. comm.) indicate that signiGcant active faulting was occurrir^ in the south 
Jemez volcanic Geld Gom -10 to 6 Ma. However, during this ^parent time of acGve 
faulting there was a 0.8 m.y. gap in enqAive acGvity towards the end of the interval. 
Furthermore, Geld work by Smith, Bailey, and Ross (1970) indicate decreased acGve 
faulting after -4  Ma. However, despite this apparent decreased faulting acGvity, a large 
volumes of dacite (and secondarily basalt) was erupted, fbUowed by a 0.3 m.y. erupGve 
lull.
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CHAPTERS
REVISED GEOCHEMISTRY OF THE JEMEZ 
VOLCANIC FIELD 
The following sections outline Gie pétrographie, whole rock geochemical, mineral 
chemistry, and isotopic data obtained for the Keres and Polvadera Group. Data collected 
on the Bearhead rhyolite, Cerros del Rio basalt, and Tewa Group by other workers are 
also included. Each section is divided into the ^Ar/^^Ar age-constrained erupGve 
intervals outlined in Chapter 2. Each erupGve interval contains several petrogeneGc 
groups, each of which will be descnbed in the fbUowing secGon.
Pétrographie analysis did not resolve unique petrogeneGc groiqis, but was 
important in establishing the modal abundances of phenocrysts for each volcanic unit and 
revealing the presence of complex opGcal zoning and mulGple zones of resorbGon in 
most plagioclase phenocrysts. Pétrographie analysis also revealed the presence of 
andesiGc enclaves in Keres and Polvadera dacite. The enclaves are composed of 
plagioclase (-50% modal abundance), clinopyroxene (35%), and rrGnor amounts of 
orthopyroxene (5%), hornblende (5%), and opaque oxides (5%). The modal abundances 
of Keres and Polvadera Group samples are given in Table 3, whereas observed 
pétrographie features are summarized in Table 4. Detailed pétrographie descnpGons are
35














Table 3. Modal abundances of the Keres and Polvadera Group Samples 















Q K-mpmr PI Bio Hbl CPX OPX OI OPQ Accewory phaaea Mmtrli 
(% total thin aectiom)
Keres Group
basait ““ — 23-78 —- 7-19 0-13 442 3-32 77-88
basaltic andésite ““ 67-77 — 0-3 3-14 1-11 5-20 51-73
andésite ““ 50-90 trace trace 0-20 0-11 ™ 3-46 66-94
dacite 67-89 1-12 0-19 0-12 1-8 — 0-13 59-96
Canovas Canyon rhyolite 0-8 75-100 0-4 — — — 0-4 apatite, zircon 78-99
Polvadera Group
8.8 Ma basait/ ““ 0-9 — — 26-27 4-9 50-53 10-15 72-89
basaltic andésite
9 8-8.5 Ma basait/ — 13-45 — — — 17-80 1-29 69-85
basaltic andesite/andesite
7.4-7.2 Ma andésite 67-77 0-2 ““ 13-18 4-7 - 3-11 57-68
andesitic inclusions 50 — 5 35 5 5
dacite 0-7 50-71 4-12 18-32 "" 2-11 67-77


































Unit Phase Morphology Optical zoning Reaorbtkm texture#
Keres basalt/basaltic andésite
Plagioclase anhedral complex oscillatory resorbed rims, bands, cores
CPX subhedral unzoned resorbed rims
OPX subhedral unzoned resorbed rims
Olivine subhedral unzoned resorbed rims
Keres andésite
Plagioclase anhedral complex oscillatory resorbed rims, bands, cores
CPX anhedral unzoned resorbed rims
OPX anhedral unzoned resorbed rims
Biotite subhedral unzoned unresorbed
Hornblende anhedral unzoned resorbed rims
Keres dacite
Plagioclase anhedral complex oscillatory resorbed rims, bands, cores
CPX anhedral unzoned resorbed rims
OPX euhedral unzoned unresorbed
Biotite subhedral unzoned resorbed rims
Hornblende subhedral unzoned resorbed rims
Canovas Canyon rhyolite
K-feldspar subhedral complex oscillatory resorbed rims
Plagioclase euhedral complex oscillatory unresorbed
Biotite euhedral unzoned unresorbed
Polvadera basalt/basaltic andesite/andesite (8.8 Ma group)
CPX subhedral unzoned resorbed rims
OPX subhedral unzoned resorbed rims
Olivine subhedral unzoned resorbed rims
Polvadera basalt/basaltic andésite (9 8-8.5 Ma group)
Plagioclase subhedral complex oscillatory resorbed rims, bands, cores
























Table 4. Pétrographie features of the Keres and Polvadera Group
Unit Phase Morphology Optical zoning Resorbtion textures
Polvadera andésite
Plagioclase anhedral complex oscillatory resorbed rims, bands, cores
CPX subhedral unzoned unresorbed
OPX euhedral unzoned unresorbed
Biotite subhedral unzoned unresorbed
Polvadera dacite
Plagioclase anhedral complex oscillatory resorbed rims, bands, cores
Hornblende subhedral unzoned resorbed rims
Biotite subhedral unzoned resorbed rims
OPX subhedral unzoned resorbed rims
El Rechuelos rhyolite
Quartz euhedral unzoned unresorbed
K-feldspar anhedral unzoned resorbed rims
Plagioclase subhedral complex oscillatory resorbed rims












The m ^or element geochemistry was useful for classifying samples collected 
6om each volcanic unit (using the classiScation of LeBas et al., 1986), but also was 
unable to resolve unique petrogenetic groups (Figures 12 and 13). Age-constrained trace 
element geochemical data, however, resolve a number of petrogenetic groups widiin 
Jemez volcanic Geld samples. The geochemical descripGons that follow focus on high 
Geld strength elements Th and Hf̂  large ion lithophile elements Rb and Sr, and chondrite- 
noimalized rare earth elements. These elements were chosen because they provide 
adequate coverage of the trace element data and their parGGoning behaviors are useful for 
the petrogeneGc interpretaGons that follow in Chapter 4. The (Th/Hf)dope values are 
derived Gom the slope of the trend of each petrogeneGc group. In the instances where a 
group contains a single analysis or too few to conGdenGy yield a slope, the (Th/Hf)n«io 
valueof the sample is given. Appendix A gives details of the whole rock m ^or and trace 
element geochemistry of Jemez volcanic Geld samples.
Discussion of the mineral chemistry data for feldspars are limited to chemical 
features that are representaGve and relevant to understanding the petrogenesis of Jemez 
volcanic Geld magmas rather than providing an exhausGve descripGon of all the observed 
mineral chemistries. This discussion does not include Bearhead rhyolite, Cerros del Rio 
basalt, or Bandelier tufT samples because electron probe microanalysis (EPMA) mineral 
data was not obtained on these groups in this study. Detailed EPMA data are provided in 
Appendix D.
The Nd and Sr isotope data set includes representaGve Keres and Polvadera Group 
samples analyzed in this study and isotopic data reported by SpeU et al. (1993) on the
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Figure 12. Total alkalis versus SiO  ̂classiGcaüon diagram for Jemez volcanic Geld 
and Cerros del Rio samples (modiGed Gom LeBas et al., 1986). AU analyses 
recalculated to 100% anhydrous and expressed in wt.%. AU analyses Gom this 
study except Bearhead ihyoUte (Justet and SpeU, 2001); Cerros del Rio basalt 
(Wbldegabriel et al., 1996); BandeUer tuG (SpeU et al., 1990 and WolG  ̂unpub. data); 
and VaUes rhyolite (SpeU et al., 1993 and SpeU and Kyle, 1989).
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Figure 13. Major element Marker plots for samples Gom the Jemez volcanic Geld and 
Cerros del Rio volcanic Geld (gray Gelds). Data Gom this study, Justet and Spell (2001), 
Minchak (1996),Wbldegabriel et al. (1996), Spell et al. (1993), Spell et al. (1990),
Spell and Kyle (1989) and WblG (unpub. data).
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Tewa Groiq), Dunker et al. (1991) on the Cerros del Rio basalt, and Ellisor
(1993) on the Tewa Group, Dunker et al. (1991) on the Cerros del Rio basalt, and Ellisor
(1993) on the Bearhead rhyolite. See Appendix A for details on the isotopic data.
Summary of Data By Petrogenetic Group 
15.4 Ma
Earliest volcanism in the Jemez volcanic Geld is represented by a series of maGc 
Gows that are interbedded in Santa Fe Group rift-GU sediments (GoG et al., 1990). 
Geochemical analyses indicate that both basalGc andésite and fbidite are represented 
(fbidite: Mg# = 78, Ni = 388 ppm, Cr = 675 ppm). This study obtained an ^A r/^A r age 
of 15.4 Ma on the fbidite. Both samples exhibit high concentraGons of HFSEs (except 
Th, H f= 5.8 and 6.5 ppm, (Th/Hf)&,«Hk«hn = 3.0, and Th = 18 and 3.7 ppm. Figure 14), 
high concentraGons of LILs (except Rb, Sr = 1291 and 596 ppm, Rb = 18 and 41 ppm. 
Figure 15), and high concentraGons of REEs (La = 104 and 32 ppm, Nd = 85 and 32 ppm. 
Figure 16) compared to other magmas erupted before 9.8 Ma. No isotopic or EPMA data 
were obtained Gar these samples.
12.4 to 10.5 Ma
From 12.4 to 10.5 Ma small volumes of basalt through dacite were erupted in the 
SW and NE Jemez volcarGc Geld. Minchak (1996) reported a 12.4 Ma ̂ A r/^A r age on 
alkali-nch tholeiite basalt collected Gom the Polvadera Group in the NE Jemez volcaiGc 
Geld. This basalt exhibits a low Gxd value of -3.64 and ̂ ic a l  ^Sr/^Sr value o f0.70470
for Jemez volcaiGc Geld maGc samples (typical Gxa values for the Jemez volcanic Geld
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Figure 14. Hf vs. Th plots depicting the geochemical groups discussed in the texL Data 
6om this stu(^ except 12.4 Ma Polvadera basalt (Minchak, 1996), Bearhead rhyolite 
(Justet and Spell, 2001), Cerros del Rio basalt (Wbldegabriel et al., 1996), Bandelier tufT 
(Spell et al., 1990 and Wblf^ unpub. data), and Valles rhyolite (Spell et al., 1993 
and SpeU and Kyle, 1989).
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Figure 15. Rb versus Sr plots depicting the geochemical groups discussed in the text. 
Italicized ages correspond to geochemical groups discussed in the text. References same 
as Figure 14.
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Figure 16. Chondrite normalized REE plots depicting the geochemical groups discussed 
in the text. Chondrite values &om Nakamura, 1974. References same as Figure 14.
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range 6om -0  to +2 while ^Sr/*^Sr vaines typically range 6om -0.704-0.705)
(Figure 17). No trace element or EPMA data were reported by Minchak (1996).
Basalt (this study) and dacite (Justet and Spell, 2001) enq)ted -11.0 Ma were 
collected horn the SW Jemez volcanic held. The basalt (Mg# = 64, Ni = 82 ppm, and Cr 
= 212 ppm) exhibits some of the lowest concentrations of HFSEs (Th =1.3 ppm, Hf = 2.6 
ppm, and (Th/HfL «it« ^  = 0.5, Figure 14), LILs (Sr = 996 ppm and Rb = 27 ppm. Figure 
15), REEs (La = 21 ppm and Nd = 39 ppm. Figure 16), one of the lowest '̂ Sr/^^Sr values 
(0.70429), and one of the highest Gwa values of +0.37 in the Jemez volcanic held (Figure
17). The basalt contains normally zoned plagioclase (labradorite cores to andesine rims) 
with resorbed cores or reverse-zoned plagioclase (andesine cores to bytownite rims. An#?, 
-n) that records multiple zones of resorbtion.
Similar to other felsic Jemez volcanic held samples, the dacite is more enriched in 
HFSEs (Th = 17 ppm, H f = 9.7 ppm, and (Th/HfXbciieiaio = 0.6, Figure 14), Rb (Rb = 124 
ppm. Figure 15), and REEs (La = 77 ppm, Nd = 42 ppm. Figure 16) and less enriched in 
Sr (Sr = 387 ppm. Figure 15) than magmas erupted before 9.8 Ma. No EPMA or isotopic 
data were obtained for this sample.
Polvadera Group basaltic andésite erupted -10.5 Ma was collected hom the NE 
Jemez volcanic held and contains similar low concentrations of HFSEs (Th = 1.7 ppm,
Hf = 3.4 ppm, and (Th/Hf)baMUic amkshe mdo = 0.5, Figure 14), LILs (Sr = 803 ppm and Rb = 
15 ppm. Figure 15), and REEs (La = 18 ppm and Nd = 15 ppm. Figure 16) as the -11.0
Ma basalt. The basaltic andésite also exhibits a similar high Gxd value of +0.80 and low
^Sr/*^Sr value of 0.70432 (Figure 17). The basaltic andésite contains normally zoned
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Figure 17. Plot of ̂ o le  rock "Sr/*Sr versus Ĝa. Data hom this study and Spell et al. 
(1993) jGor Valles ihyolite, Ellisor (1995) for Bearhead rhyolite, (Dunker et al., 1991) 6)r 
Cerros del Rio basait, and Minchak (1996) for 12.4 Ma Polvadera basait MORB = 
Mid-ocean ridge basait, RGR = Rio Grande Rift basait, LM = Lithospheric mantle 
(Fields justified in Chapter 4).
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(labradorite cores to andesine rims) plagioclase with resorbed cores or reverse- 
zoned (andesine cores to labradorite rims, And^g) plagioclase that records multiple zones 
of resorbtion.
9.8 to 7.9 Ma
From 9.8 to 7.9 Ma -36% of the volume of the Jemez volcanic held was erupted 
as basaltic though ihyolihc magmas. The trace element chemistry indicates that hve 
geochemical groiqw were produced over this -1 .9  m.y. interval (Figures 14,15, and 16). 
Compared to other Jemez mahc rocks, the basalts and andésites exhibit relatively low s^d 
values that range hom +0.23 to -3.47 and typical ^Sr/^Sr values that range hom  
0.70402 to 0.70515. Dacites and rhyolites exhibit low %d values that range hom -0.04 to 
-2.98 and typical Jemez ^Sr/*^r values that range hom 0.70400 to 0.70576 (Figure 17). 
Gwd values tend to decrease and ^^Sr/̂ Sr values tend to increase with time over the
enq)tive interval (Figure 18).
The hrst geochemical group contains Keres and Polvadera Group basalt, 
trachybasalt, basaltic andésite, and basaltic trachyandesite that erupted in the SW and NE 
Jemez volcanic held hom 9.8 to 8.5 Ma. This groiq) is distinguished hom the other 
geochemical groups erupted hom 9.8 to 7.9 Ma by lower concentrations of HFSEs and 
Rb and intermediate Th/Hf slope. Non-trachytic Keres and Polvadera Group basalt (Mg# 
= 45 to 60, Ni = 71 to 138 ppm, Cr = 92 to 305 ppm) and basaltic andésite contain Th = 
-2-5 ppm, Hf = -2.5-4.1 ppm, Sr -500-900 ppm, Rb -10-15 ppm. La -20-80 ppm, Nd 
-10-60 ppm (Figures 14,15, and 16). In contrast, the trachytic Keres samples contain 
higher HFSE and LIL concentrations (Th = -7-12 ppm, Hf = -4.5-5.7 ppm, Sr -1100-
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Figure 18. Nd and Sr isotopic composition versus time diagram for Jemez volcanic Geld 
samples. All data hom this study except that h)r the Bearhead rhyolite (Ellisor, 1995), 
(Zenos del Rio volcanic held (Dunker et al., 1991), and the Tewa Group (Spell et al., 
1993).
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1300 ppm, and Rb -20 ppm. Figures 14 and 15), and generally lower REE 
concentrations (La -55-70 ppm and Nd -30-45 ppm. Figure 16). Magmas erupted over 
this interval exhibit a Th/Hf slope of 4.0. Plagioclase hom this petrogenetic group 
commonly has resorbed cores and bands that correspond to reversals in chemical zoning 
(labradorite that varies hom Angg at the core to Angg at the rim).
The second group contains a 6w  Canovas Canyon rhyolite samples that were 
erupted -9.3 Ma (SW Jemez volcanic held). The rhyolite exhibits higher HFSE (Th = 
-21 ppm and Hf = -7  ppm. Figure 14) and REE concentrations (La = -70 ppm, and Nd = 
-30 ppm. Figure 16), lower Th/Hf values ((Th/Hf)*yoiikrmio = 2.8), and similar LIL 
concentrations (Sr -130-170 ppm and Rb -84-98 ppm. Figure 15) compared to other 
rhyolitic magmas erupted hom 9.8 to 7.9 Ma. The 9.3 Ma rhyolite has the highest Ĝ d
value of -0.82 of any silicic magma in the Jemez volcanic held and a ^^Sr/^Sr value of 
0.70479 (Figure 17). Similar eruptive ages, trace element compositions, and Th/Hf ratios 
suggest that the rhyolite and 9.8-8 5 Ma petrogenetic group may be related. K-feldspar 
and plagioclase records multiple zones of resorbtion and complex-reverse zoning. K- 
feldspar content varies hom Or24_w (anorthoclase to sanidine) and plagioclase content 
varies hom Anz-43 (albite to andesine) in a single phenocryst.
The third group contains Keres Group basaltic andésite through dacite that was 
erupted in the S Jemez volcanic held hom 9.4 to 7.9 Ma. These samples are notable for 
their higher HFSE (Th = -7  to 23 ppm and Hf = 4.3 to 12 ppm. Figure 14) and REE (La 
-40-90 ppm and Nd -10-60 ppm. Figure 16) concentrations and low Th/Hf values 
((Th/Hf)siope =1.6) compared to other geochemical groiqrs enqrted hom 9.8 to 7.9 Ma.
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This group also contains concentrations of LILs (Sr -100-1300 ppm and Rb 
-30-130 ppm. Figure 15) that are consistent with their comparatively more evolved 
composition than other mahc magmas erupted hom 9.8 to 7.9 Ma. 9.4 to 7.9 Ma samples 
do not exhibit extreme values of Gxa (-2.20 to -0.04) and ^Sr/^Sr (0.70469 to 0.70509)
for Jemez volcanic held samples (Figure 17). Samples erupted hom this group 
commonly contain feldspar that records multiple zones of resorbtion that correspond to 
reversals in chemical zoning hom oligoclase cores to labradorite rims (An2?-6g) (Figures 
19AandB).
The fourth group contains Polvadera Group basalt (Mg# = 60 to 69, Ni = 192 to 
215 ppm, and Cr = 418 to 442 ppm) through andésite that was erupted in the NE Jemez 
volcanic held at -8.8 Ma. The 8.8 Ma samples are distinguished hom the 9.8 to 8.5 Ma 
group by their higher Th (Th = -4-16 ppm. Figure 14), and Sr (Sr -600-1500 ppm. Figure
15) concentrations, high Th/Hf value ((Th/Hf)siope = 16.7), and slightly lower MREE (Nd 
-20-38 ppm. Figure 16) and Hf (Hf = -3.9-4.9 ppm. Figure 14) concentrations. These 
samples also contain -20-40 ppm Rb and -35-62 ppm La. 8.8 Ma mahc samples do not
exhibit extreme values of %d (-2.37 to -1.07) and ^Sr/^Sr (0.70430 to 0.70433)
compared to other Jemez volcanic held samples (Figure 17).
The hhh group contains samples collected hom the miyohty of mapped Canovas 
Canyon rtyolite domes (SW Jemez volcanic held) and was erupted -8.7 Ma. The 
rhyolite is notable for lower HFSE (Th = -16-20 ppm and Hf = -4.3-5.1 ppm. Figure 14) 
and REE (La -28-64 ppm and Nd -12-25 ppm. Figure 16) concentrations, and higher 
Th/Hf value ((Th/Hf)Aydite mho = 3.8) compared to the 9.3 Ma rhyolite. Both petrogenhc
































Figure 19. BSE images and EPMA traverses of Keres and Polvadera Group plagioclase. 
(A) Plagioclase hom Keres andesite, (B) Keres dacite, (C) Polvadera dacite, and 
(D) composite image of Polvadera dacite and andesite enclave. Dots mark location of 
EPMA analysis.
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groups exhibit similar LIL concentrations (Sr -120-260 ppm and Rb —92-110 
ppm. Figure 15). The similarity in age, location, trace element geochemistry, and 
elevated Th/Hf values of the 8.7 Ma rhyolite and 8 . 8  Ma basalt and andesite imply that 
the two may be petrogenetically related. 8.7 Ma rhyolite exhibits an elevated e^d value of
-2.89 for Jemez silicic magmas (Figure 17). K-feldspar and plagioclase contains resorbed 
cores, bands, and rims and is complexly-reverse zoned. The K-feldspar is sanidine 
(-Ords), and plagioclase varies hom oligoclase to labradorite (Ann.54) in a single 
phenocryst.
7.5 to 6.0 Ma
After an apparent 0.8 Ma lull in volcanic activity, the interval hom 7.5 to 6.0 Ma 
is characterized by a marked decrease in the number of eruptions as well as development 
of the volcanic Seld's first large silicic magma system (Justet and Spell, 2001). A series 
of Polvadera trachyandesite to andesite eruptions occurred in the NW Jemez volcanic 
held hom 7.4 to 7.2 Ma. Besides the signihcant diherences in eruptive ages (7.4 to 7.2 
Ma and 7.1 to 6.5 Ma, respectively), enqitive location (in the N JVF and S JVF, 
respectively), and major/minor element geochemisty, the andesite is distinguished hom 
the later erupted Bearhead rhyolite by higher Hf (Hf = -4.8-6.1 ppm. Figure 14), Sr (Sr = 
-700-800 ppm. Figure 15), and REE (La -40-64 ppm and Nd -20-40 ppm. Figure 16) 
concentrations, lower Th (Th = -6.5-14 ppm. Figure 14) and Rb (Rb -35-71 ppm. Figure 
15) concentrations, and a lower Th/Hf value ((Tb/Hf)*pe = -1.7). Polvadera andesite
exhibits hirly low Gxd values (-2.22 to -3.57) and similar ^^Sr/^Sr values (0.70502 to
0.70493) compared to other Jemez mahc magmas (Figure 17). Plagioclase hom the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
andesite commonly records multiple zones of resorbtion and complex reverse 
zoning. Anortbite content varies hom An̂ ĝ gi (oligoclase to labradorite) in a single 
phenocryst (Figure 19C). An El Rechuelos rhyolite sample erupted -7.1 Ma exhibits a 
similar HFSE (Hf = 5.3 ppm and Th = 10.2 ppm. Figure 14), LIL (Sr = 243 ppm and Rb = 
79 ppm. Figure 15), and REE (La = 48 ppm and Nd = 21 ppm. Figure 16) concentrations 
as the Polvadera andesite. The rhyolite also has similar isotopic compositions to the 
Polvadera andesite (Gxd = -3.65 and ^ S r /^ r  = 0.70523) (Figure 17). The rhyolite
contains plagioclase that records multiple resorbtion events and is commonly normally 
zoned and less commonly reverse zoned. Anorthite content varies hom An2(W6 
(oligoclase to andesine). The similarities in trace element chemistry ((Tb/Hf)Aydik mdo =
1.9) and eruptive timing imply that the andesite and rhyolite may be related.
The Bearhead rhyolite silicic magma system produced eruptions hom 7.1 to 6.5 
Ma in the S Jemez volcanic held. Its geochemistry was described in detail by Justet and 
Spell (2001) and is characterized by a larger Eu anomaly, lower HFSE (Hf = -3-4.2 ppm 
and Th = -9.9-14 ppm. Figure 14), LIL (Sr -1-100 ppm and Rb -80-170 ppm. Figure 15), 
and REE (La -20-42 ppm and Nd -5-40 ppm. Figure 16) concentrations and a similar 
Th/Hf value ((Th/Hf)sk^ = 3.2) compared to earlier-enqited Jemez Ayolites. The 
Bearhead rhyolite exhibits elevated ^Sr/*^Sr values o f0.70751 to 0.70930 (Ellisor, 1995) 
compared to most other Jemez magmas and Gxa values that range hom -1.57 to -5.56.
The Bearhead rhyolite displays some of the lowest Exd values in the Jemez volcanic held 
(Figure 17). The isotopic data of Ellisor (1995) are not age-constrained well enough to 
assess whether isotopic compositions varied systematically with time. Pétrographie
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analysis by Justet and Spell (2001) and reconnaissance EPMA traverses across 
plagioclase and K-feldspar indicate (bat it is unresorbed and unzoned.
A small number of rhyolitic magmas were erupted -6.0 Ma in the SW Jemez 
volcanic held. The geochemistry of these magmas are described in detail by Justet and 
Spell (2001) and is characterized by a larger Eu anomaly, higher Th (Th = 20 ppm. Figure 
14), La (La = 36-39ppm, Figure 16), and Rb (Rb = 165 ppm. Figure 15) concentrations, 
and a higher Th/Hf value ((Th/Hf)rhyoiite «do = 6 ) compared to the Bearhead Rhyolite.
3.8 to 2.1 Ma
After an apparent 2.2 m.y. lull in volcanic activity, the time interval hom 3.8 to
2.1 Ma marks another period of intense and geochemically diverse volcanic activity 
(Figures 14,15, and 16). Around 19% of the eruptive volume of the Jemez volcanic held 
was produced during this period, predominantly as dacite, but accompanied by minor 
volumes of Cerros del Rio basalt though dacite and El Rechuelos rhyolite. The trace 
element chemistry indicates that four geochemical groups were produced over this -1.7 
m.y. interval. There are not sufBcient isotopic data to assess whether isotopic 
compositions varied systematically with time over this eruptive interval.
The first group contains Polvadera dacite that was erupted in the N and E Jemez 
volcanic held hom 3.8 to 3.0 Ma. The dacite is distinguished hom Cerros del Rio 
samples by higher Rb concentrations (Rb -43-76 ppm. Figure 15), intermediate 
(compared to other Jemez samples) Sr and LREE concentrations (Sr -500-710 ppm and 
La -38-57 ppm. Figures 14 and 16), and lower MREE concentrations (Nd -10-28 ppm. 
Figure 16). The dacite has similar HFSE concentrations and a Th/Hf value as Cerros del
Rio samples (Th = 2-15 ppm, Hf = 3-7 ppm, and (Th/Hf)dop« = 1.3) (Figure 14). Ĝ d
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values range hom -1.99 to -3.30 and ^ S r /^ r  values range from 0.70433 to 
0.70450 (Figure 17). Plagioclase commonly records multiple zones of resorbtion and is 
conq)lexly reverse zoned. Plagioclase in the dacite varies hom Anz6.6o (oligoclase to 
labradorite). Andesite enclaves occur in most of the dacite samples collected. Matrix 
plagioclase in the enclave is signiGcantly more anorthitic (An#.6i) than the phenocryst 
cores (An̂ gû g) (Figure 19D).
The second group contains Cerros del Rio hawaiite (Mg# = 46-62, Ni = 30-120 
ppm, Cr = 20-190 ppm) to dacite that was erupted along the SE periphery of the Jemez 
volcanic held hom 2.8 to 2.4 Ma (Woldegabriel et al., 1996). Dunker et al. (1991) 
concluded that these rocks are characterized by generally higher incompatible trace 
element abundances and pronounced depletions in Rb, Nb, and Ta compared to Cerros 
del Rio tholeiites. The 2.8 to 2.4 Ma group is distinguished hom the Polvadera dacite by 
higher Sr (Sr = -800-1300 ppm. Figure 15) and REE concentrations (La = -30-95 ppm 
and Nd = -30-60 ppm, Figure 16), and lower Rb concentrations (Rb = -40-50 ppm.
Figure 15). The hawaiite is indistinguishable hom the Polvadera dacite in HFSE 
composition and Th/Hf value (Th = -3-16 ppm, Hf = -3.1-6.0 ppm, and (Th/Hf),iope =
1.5, Figure 14). Cerros del Rio hawaiite and basaltic andesite exhibit some of the highest 
Exd values (Ĝ d = +0.51 to +1.31, Dunker et al., 1991) and lowest ^^Sr/^Sr values
(SVsr/^Sr = 0.70412 to 0.70426, Dunker et al., 1991) in the Jemez volcanic held. These 
rocks are also the most isotopically homogeneous group in the held (Figure 17). Cerros
del Rio andesite and dacite (^Sr/^Sr = 0.70413 to 0.70434, Gxd = +0.94 to -1.37)
(Dunker et al., 1991) exhibit lower Ĝ d values and slightly higher ̂ ^Sr/^Sr values than
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Cerros del Rio hawaiite (Figure 17). No EPMA data has been obtained for 
Cerros del Rio samples.
The third group contains Cerros del Rio tholeiitic basalt (Mg# = 55-58, Ni = 95- 
105 ppm, Cr = 230-240 ppm) that was enq)ted hom 2.5 to 2.3 Ma (Woldegabriel et al., 
1996). Dunker et al. (1991) concluded that these rocks have trace element abundances 
similar to oceanic basalt only with slightly higher Nb and Ta concentrations. The 
tholeiite is distinguished hom Polvadera dacite and other Cerros del Rio group by its low 
HFSE (Th = —5-6 ppm and Hf = -3-4 ppm. Figure 14), LIL (Sr = -20 ppm and Rb =
-400 ppm. Figure 15), and LREE (La = -30 ppm. Figure 16)concentrations, and very low 
Th/Hf value ((Th/Hf)ihoieiiic mbo = 0.8) and higher MREE concentrations (Nd = -20 ppm. 
Figure 16). Cerros del Rio tholeiites exhibit lower GNd values and slightly higher ^^Sr/^Sr
values than Cerros del Rio hawaiite (^Sr/^Sr = 0.70477 to 0.70494, Ĝ d = -0.78 to 
+1.31) (Dunker et al., 1991) (Figure 17).
The fourth group comprises the major phase of El Rechuelos rhyolite eruptions in 
the N Jemez volcanic field at -2.2 Ma. These samples are distinguished hom the 2.1 Ma 
El Rechuelos rhyolite (see below) by their higher Th/Hf value ((T h/H f)*,^ , ^  = 5.1), 
generally higher HFSE (Th = -14-17 ppm and Hf = -3.0-4.0 ppm. Figure 14), LIL (Sr 
-20-140 ppm and Rb -110-163 ppm. Figure 15), and REE (La -16-20 ppm and Nd -10- 
38 ppm. Figure 16) concentrations, and their well developed Eu anomaly. The rhyolite 
exhibits a slightly elevated Gxd and ^Sr/^Sr values of -3.20 and 0.70669, respectively,
compared to the other silicic magmas in the volcanic field (Ĝ d = -1 to -5  and ^Sr/^Sr = 
-0.704-0.705) (Figure 17). K-feldspar hom die 2.2 Ma rhyolite is commonly unresorbed
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and unzoned but locally has slightly resorbed rims and is complexly zoned.
Unzoned K-felspar is sanidine (Or̂ ?) whereas complexly zoned K-feldspar contains 
anorthoclase and sanidine zones.
El Rechuelos high silica rhyolite erupted at -2.1 Ma exhibits low HFSE (Th = 3.2 
ppm and Hf = 3.5 ppm. Figure 14), LIL (Sr = 372 ppm and Rb = 57 ppm. Figure 15), and 
REE (La = 24 ppm and Nd = 10 ppm. Figure 16) concentrations, and a low Th/Hf value 
((Th/HfLydih,«hn = 0.9) compared to other silicic samples in the Jemez volcanic Geld.
The 2.1 Ma rhyolite has the lowest Ĝ d value of -7.06 in the Jemez volcanic Geld (Figure 
17). Plagioclase commonly records mulGple zones of resorbtion and always displays 
complex reverse zoning. Anorthite content varies Gom Anzg-go (oligoclase to labradorite).
1.85 M ato 50ka
After a brief -0.3 Ma lull in erupGve acGvity, the volcanic Geld's second and 
largest erupGve volume silicic magma system, which produced the Bandeher tuff  ̂became 
acGve at 1.85 Ma with enqrGon of the small volume San Diego Canyon ignimbntes (Spell 
et al., 1996b). The Bandeher sihcic system produced -44% of the total erupGve volume 
of the Jemez volcaiGc Geld dominantly as two large volume igiGmbrites. The lower 
Bandeher tu h  was erupted -1.61 Ma (SpeU et al., 1996b) and consists of high sihca 
rhyohte (Th/Hf = 4.2, WoLff et al., 1999; Ayuso and Smith, 1994; SpeU et al., 1990; 
Kuentz, 1986). The Cerro Toledo rhyohte was erupted Gom 1.54 to 1.22 Ma and is 
composed of high-sihca rhyohte (SpeU et al., 1996a, SpeU et al., 1996b). The upper 
Bandeher tuff erupted -1.22 Ma (SpeU et al., 1996b) and is predominanGy composed of 
high sihca rhyohte, but contains a nGnor amount of dacite (Th/Hf = 2.7, Self et al., 1986).
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The Bandelier tufT is distinguished from Ihe silicic erupGons that preceded it by 
its higher concentraGons of HFSEs (Th = -  8.0-45 ppm and Hf = -  5.7-15.8 ppm. Figure 
14), LILs (Sr = -  0-100 ppm and Rb = -  80-360 ppm. Figure 15), and REEs (La = -  30- 
95 ppm and Nd = -  10-80 ppm. Figure 16). No EPMA or whole rock isotopic data are 
available for the Bandelier tuff.
A series of small volume Valles rhyolite erupGons occurred Gom 1.13 Ma (Spell 
and Harrison, 1993) to 50 ka (Reneau et al., 1996) within the Valles caldera. The 
postcollapse Valles rhyolite is distinguished Gom the Bandelier tuhby generally lower 
HFSE (Th = -14-35 ppm and Hf = -4.2-7.6 ppm. Figure 14), LIL (Sr = -  0-100 ppm and 
Rb = -100-280 ppm. Figure 15), and REE (La = -35-55 ppm and Nd = -10-40 ppm. 
Figure 16) concentraGons, and a less well developed Eu anomaly (Figure 16). The Valles 
rhyolite has £n<i values that range from -2.7 to -4.6 which are similar to other rhyolite in 
the volcarGc Geld and ^ S r /^ r  values that range Gom 0.70464 to 0.71307 which are 
signiGcantly elevated compared to other rhyohte in the volcarGc Geld (Figure 17). SpeU 
et al. (1993) noted an increase in exd values with time. The rhyohte contains mosGy 
unzoned saiGdine and normal and reverse zoned plagioclase (SpeU and Kyle, 1989). 
Sanidine becomes more potassic with Gme (Gom (^ 44.55 to Or^Mi) whereas plagioclase 
ranges Gom An? to Anzi (SpeU and Kyle, 1989).
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PETROGENETIC INTERPETATIONS 
Several important patterns emerge from the geochronologic, geochemical, and 
isotopic data presented in Chapters 2 and 3. The refined chronology provided by this 
study implies that the Jemez volcanic Geld evolved in two phases, each lasting —3 Ma 
(9.8-6.0 Ma and 3.8 Ma to 50 ka) and separated by a 2.2 m.y. erupGve lull. There were 
pauses in eruptive activity towards the end of each phase which lasted ~0.3-0.8 m.y. and 
immediately preceded erupGons from large sihcic magma systems (Figure 11).
The age and major element data indicate that each erupGve phase began with a 
protracted penod (-1.9-1 . 8  Ma) of voluminous maGc or intermediate volcanism. After 
the -0.3-0.8 Ma erupGve lull, each phase concluded with the erupGon of rhyohte from a 
large shallow silicic system (Figure 9). The age and trace element data resolve 16 
petrogenetic groups in the Jemez volcanic Geld which display distinctive variations in 
HFSE, LIL, and REE composiGons. The groups exhibit distinct raGos of typically 
incompaGble trace elements, such as Th/HG which serve as indicators of source. These 
groiqis appear to share a common maGc end member (deGned by Jemez and Cerros del 
Rio basalt), but possess several felsic end members (deGned by Jemez rhyohte) that are 
distinguished by their trace element composiGons. The andesite and dacite petrogeneGc 
groups he between these end members (Figures 14 and 15).
60
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Nd and Sr isotopic composiGons vary signiGcanGy even among 
individual magma composiGons (Figure 17). The Grst erupGve phase records a decrease 
in GNd values and an increase in ^Sr/*^Sr values through Gme whereas the second erupGve 
interval records an increase in GNd values and decrease in ^^Sr/^Sr values through Gme 
(Figure 18).
The petrogr^hic and EPMA data show Gie presence of mulGple zones of 
plagioclase resorbGon that correspond to abnqrt changes Gom normal zoning to reverse 
zoning in most Keres and Polvadera Group samples (Figure 19). OAen plagioclase 
contains oligoclase or low An andesine cores and labradonte rims. Furthermore, 
Polvadera dacite and several Keres dacite samples contain andesiGc enclaves (Figure 
19D) ^hich provide evidence of co-mingling with a more maGc magma.
Explaiinng the Chemical VariaGon
of the Plagioclase Phenocrysts
Minor resorbGon surfaces and variaGons in composiGon of less than 15 mol% An 
can be related to local crystallizaGon kineGc effects (1-2% An variaGon) or local effects 
such as magma convecGon (Ginibre et al., 2002). AltemaGvely, prominent resorbtion 
surfaces and An variaGons up to 40 mol% are generally attributed to signiGcant changes 
in pressure, water content, temperature, or melt composiGon in the magma at a large scale 
caused, for example, by magma intrusion (Davidson and Tepely, 1997; Singer et al.,
1995; Nixon and Pearce, 1987). The An content of individual plagioclase phenocrysts 
Gom the Jemez volcanic Geld varies Anio to Ams, but has a median variance of 25 mol% 
ArL This suggests that the observed variaGons in An content are more likely the result of
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a magmA chamber-scale process rather than a local process.
It is unlikely Aat changes in pressure controlled the observed variations in 
plagioclase chemistry. The phase relations between albite and anorthite at varying 
pressure (Yoder et al., 1957) indicate that a decrease in pressure (as with an ascending 
batch of magma) results in a decrease in An content, not an increase as observed in Jemez 
samples.
Experimental data on the effect of magma water content on plagioclase 
composition (Rutherford and Devine, 1988) indicates that water content must increase by 
-3  to 4 wt.% to cause an increase in An content of 25 to 40 mol% as is observed in Jemez 
maGc samples. Data coGected Gom a variety of tectonic settings indicates basalGc 
mAgTTiAs commonly contain <1 to -3  wt.% water (Johnson et al., 1994). Thus water 
would need to increase to ~3 to 7 mol% to cause the observed change in An. Although 
water contents of Jemez basalts have not been determined, it is unlikely that they would 
contain such anomalously high water contents. Therefore, it seems unlikely that the 
addition of water to Jemez magmas solely explains the observed variations in An content.
There are addiGonal lines of evidence in the Jemez volcanic Geld which suggest 
that the variaGon in An content is the result of magma chamber recharge. The 
pétrographie data listed in Tables 3 and 4 indicate that most Jemez dacite and andesite 
samples contain assemblages of minerals that are not in equilibrium with each other and 
provide further evidence that the variaGons in An content are the result of magma 
chamber recharge. Of the samples analyzed: (1) dacite contains plagioclase (oligoclase to 
labradonte), hornblende, bronziGc orthopyroxene, Ca-nch augite, and bioGte; and (2)
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andesite contains plagioclase (oligoclase to labradorite), hornblende, bronziGc 
orthopyroxene, Ca-nch augite, and bioGte. The dacite-hosted andesite enclaves provide 
even more direct evidence for the mingling of a more maGc magma (plagioclase in 
enclave matrix is —An^i) with a more frlsic magma (core of plagioclase phenocryst in 
dacite is -An^g) (Figure 19D). It therefore seems likely that the dramaGc decreases in An 
content accompanied by zones of resorbGon observed in Jemez plagioclase were the 
result of repeated recharge of more maGc magma into a magma chamber.
Finally, the EPMA data indicate the Jemez plagioclase commonly contains 
intervals of normal zonaGon (decreases in An content toward the phenocryst rim) 
interspersed between the dramaGc reversals in An content These normally-zoned regions 
likely reGect periods during vWnch the m agm a underwent FXL.
These results have important impGcaGons for assessing the viability of the 6 ult 
conduit and basalt iryecGon models. The pétrographie and EPMA data indicate that more 
maGc magma continually recharged into crustal magma chambers at least from 9.8 to 7.2 
Ma and from 3.8 to 2.1 Ma, and possibly <1.13 Ma. Because no EPMA results have been 
reported for the Bearhead rhyolite, Bandelier tuff it is unclear whether maGc recharge 
occurred throughout the volcanic Geld's entire evoluGon. Nonetheless, basalt recharge 
qrpears to be an enduring and pervasive process in the Jemez volcanic Geld, and does not 
necessarily correspond only to the intervals of signiGcant basalGc volcanism (from 13 to 
10 Ma and —4-2 Ma) or acGve faulting (from -13-7 Ma and after -4  Ma) predicted by the 
fault conduit model proposed by Gardner (1985).




Composition of the Mantle
and Lower Crust
Miocene and younger basalts erupted in the Rio Grande riA in northern New 
Mexico were derived Aom an isotopically enriched mantle source (i.e., lithospheric 
mantle) (McMillan, 1998; Baldridge et al., 1991; Perry et al., 1987). Published E d̂
values range Aom -0.8 to +2.2 (Nd = 21-45 ppm), and ^Sr/^Sr Aom 0.7041 to 0.7049 
(Sr = 431-1150 ppm) (McMillan, 1998; Dunker et al., 1991; LoeAler et al., 1988; Perry et 
al., 1987, DePaolo and Wasserburg, 1976) (Figure 20).
The isotopic composition of the lower crust in New Mexico is relatively poorly 
constrained due to the lack of data Aom lower crustal xenoliths. Data Aom granulite 
inclusions in a kimberlite near the Colorado-Wyoming border (DePaolo, 1981), 
paragneiss granulites Aom Kilboume Hole maar in southern New Mexico (Padovani and 
Reid, 1989), and xenoliths in basalt Aom southeastern Arizona (Kempton et al., 1990)
show that Gxd and particularly ^Sr/^Sr values are quite variable. In general, published
data imply that the lower crust is characterized by Gxa values ranging Aom -7  to -13 (Nd
-21 ppm) and ^Sr/^Sr ranging Aom 0.704 to 0.710 (Sr -500 ppm) (Figure 20).
Simple Mixing Models 
Another way to test the viability of the &ult conduit and basalt injection models 
using geochemical methods is to constrain whether the more maAc Jemez magmas were 
crustally contaminated. The fault conduit model postulates that relatively
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Figure 20. Plot of whole rock "S r/^ r versus of Jemez samples. References same as 
Figure 17. RGR = Rio Grande rift basalt 6 om Perry et al. (1987), MORE = mid-ocean 
ridge basalt Field for lower crust 6 om southwestern U.S. xenolith data (noncumulates) 
6 om James et al. (1980); DePaolo (1981); Esperanca et al. (1988); Reid et al. (1989); 
and Kempton et al. (19%). Arrays shown for simple mixing between lithospheric 
mantle-derived basalt and a range of potential lower crustal melts discussed in the text. 
Tick marks denote 10% increments. Horizontal iq)per crustal AFC array shown for 
assimilation of upper crust (Spell et al., 1993).
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imcontaminated magmas should be erupted during times of active faulting 
(6 om -'13-7 Ma and after -4  Ma in the Jemez volcanic Geld according to Gardner, 1985). 
Altemadvely, die basalt injection model postulates that most magmas should contain both 
mande and crustal components (Annen and Sparks, 2002). Because Nd and Sr isotopes 
do not Gacdonate they are an ideal tool for resolving mande and crustal sources. This 
assumes that the isotopic composidon of all possible sources are weU constrained. As 
discussed in the previous secdon, the most likely mande source for the Jemez volcanic 
Geld is Gthospheric mande. The composidon of the lower crust is less weU constrained. 
Furthermore, age-constrained isotopic data on the VaUes rhyoGte suggests that the lower 
crust beneath the Jemez volcanic Geld may be hybridized Gom extended basaldc 
intrusion (Spell et al., 1993). The uncertaindes in the isotopic composidon of the lower 
crust suggest that petrogenedc mixing models using isotopic data, while able to resolve 
sources, may overestimate the amount of crustal component contained in the samples.
Figure 20 shows simple ndxing models between lithospheric mande and crustal 
sources for the erupdve intervals delineated by the geochronologic data. The simple 
mixing models indicate the following: (1) 12.4-10.5 Ma rocks most conunonly contain a 
-0  to 10% crustal component; (2) 9.8-7.9 Ma rocks most corwMonJx contain a -20 to 50% 
crustal component; (3) 7.5-6.0 Ma rocks contain a 50 to70% crustal component, (4) 3.8-
2.1 Ma basaldc rocks contain <10% and intermediate to felsic most commonly contain a 
-50 to 65% crustal component, and (5) 1.85 Ma -50 ka rhyolites most commonly contain 
a 2 0  to 60% crustal component.
The simple mixing model results indicate that most Jemez magmas contain a
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âgniGcant crustal component. There is no apparent correlation between the 
eruption of uncontaminated maGc magmas and periods of increased faulting activity as 
hypothesized by Gardner (1985). The EPMA results indicate that magma chambers were 
repeatedly recharged by more maGc magmas and provide insight into interpreting the 
mixed isotopic character of Jemez magmas. The variaGons in plagioclase and isotope 
composiGons may reGect crustal anatexis caused by prolonged basalt recharge and 
contaminaGon of basalGc magmas by crustal melts.
Explaining the Trace Element VariabiGty 
of Jemez Rocks
Composition of the ManGe 
and Lower Crust
Hf and Th concentrations of Rio Grande rift basalt derived from a lithospheric 
manGe source and uncontaminated by crust range from Hf = <1.0-6.59 ppm and Th = 
0.92-5.07 ppm (McMillan, 2000; Baldridge et al., 1991; Perry et al., 1987) (Figure 21). 
The isotopic data and trace element geochemical data indicate that Cerros del Rio basalt 
erupted from 2.5-2.3 Ma is some of the least crustally contaminated (Chapter 3). Thus, a 
mean Cerros del Rio basalt (Th = 2.5 ppm, Hf = 3.5 ppm, Woldegabriel, et al., 1996) is 
used as the maGc end member to constrain FXL estimates for Jemez magmas.
The trace element composiGon of the lower crust, however, is not well 
constrained. Trace element data are limited in pubhshed xenolith studies. Review 
studies that exanGne average characterisGcs of the lower crust (e.g., Rudnick and 
Fountain, 1995) as weft as speciGc lower crustal xenoGth studies (e.g., Chen and Arculus,
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1995 and Reid et al., 1989) imply that the trace element composiGon of the 
lower crust is excepGonally variable and/or geochemically too un-enriched in 
incompaGble trace element composiGon (Th -0.6 to 7.83 ppm, H f-1.87 to 8.90 ppm, Rb 
= -2.3 to 169 ppm. La = -3.9 to 63 ppm, and Nd = -13 to 49 ppm) for comparison to 
Jemez volcanic Geld magmas (Figures 21,22, and 23).
Source of Jemez MaGc and 
Felsic End Members
Figures 21,22, and 23 indicate that 15.4-10.5 Ma, 9 8-8.5 Ma, and Cerros del Rio 
basalt and basalGc andésite exhibit similar trace element composiGons to other Rio 
Grande riA basalts. As discussed in the preceding secGon, however, the isotopic data 
indicates that most Jemez maGc rocks have been crustally contaminated. Jemez maGc 
magmas, therefore, are likely not uncontaminated melts derived Gom the Gthospheric 
mantle.
As noted earGer, Jemez volcarGc Geld samples appear to record several lower 
crustal sources with disGncGve trace element composiGons (Figure 21). However, the 
isotopic data do not resolve isotopicaGy distinct lower crustal sources. Because the 
composiGon of the lower crust is poorly constrained and existing data on the lower crust 
suggest some heterogeneity exists, the possibiGty that the observed trace element 
variaGons reGect crustal heterogeneity cannot be ruled out.
The presence of geochemicaUy distinct felsic end members (Figure 21) could also 
be the result of diGerent degrees of melting of a chemicaGy homogeneous crustal source. 
This process predicts that "batches" of crustal melt wiG contain progressively lower
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Figure 21. Hf vs. Th plots depicting the geochemical groiqw. Models do not show speciGc evoluGon Gx%i parent to daughter 
composiGons, but rather indicate possible trends in Hf and Th concentraGons produced by FXL. References same as Figure 14.RGR 
= Rio Grande riA basalt Gom McMillan et al. (2000) and Baldridge et al. (1991). For 12.4-10.5 Ma interval, GacGonaGon 
trend for basalt fractionating —60% PL, —20% CPX, —17% OL, and —3% OPQ. On all other diagrams dark gray arrows denote the 
range of GacGonaGon vectors for rhyolite GacGonating 75-90% PL, 8-61% K-spar, 0-15% BIO, 0-4% OPQ, and <1% Ap. and Zirc. 
Light gray arrows denote the range of GacGonaGon vectors for: dacite GacGonating 50-89% PL, 1-12% BIO, 0-32% HBL, 0-12% 
CPX, 0-8% OPX, and 2-13% OPQ; andésite GacGonating 50-90% PL, 0-20% CPX, 0-11% OPX, and 3-46% OPQ; and basalt 
GacGonating 9-78% PL, 7-27% CPX, 0-13% OPX, 1-53% OL, and 3-32% OPQ. Diamonds on GacGonaGon trends mark 10% 
GacGonal crystallizaGon increments. #1, #2, #3 denote potential crustal sources discussed in the text. Star = mean Cerros del Rio 
basalt (Woldegabriel, et al., 1996) 3
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Figure 22. Rb versus Sr plots depicting the geochemical groups discussed in the text. 
Italicized ages correspond to geochemical groups. RGR = Rio Grande riA basalt Aom 
McMillan (2000). All data Aom this study except 12.4 Ma Polvadera basalt (Minchak, 
1996), Beaihead rhyolite (Justet and Spell, 2001), Cerros del Rio basalt (Woldegabriel 
et al., 1996), Bandelier tuÀ (Spell et al., 1990 and Wblf^ unpub. data), and Valles 
rhyolite (Spell et al., 1993 and Spell and Kyle, 1989).
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Figure 23. Chondiite normalized REE plots depicting the geochemical groiqw discussed 
in the text Chondrite values 6 om Nakamura, 1974. References same as Figure 22.
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concentrations of typically incompatible trace elements Wiich rejects the 
degree to which the crust has melted. Thus, a range of felsic end members could be 
derived 6 om a homogenous crustal source. Figure 24 depicts an envelope of equilibrium 
melting models appropriate for a mean granulite composition (Th = 3.6 ppm and Hf = 3.5 
ppm, Rudnick and Fountain, 1995; Chen and Arculus, 1995; Reid et al., 1989) as well as 
the fields for felsic end members #1, #2, and #3 depicted in Figure 21. The models do 
not indicate that felsic end members #1, #2, and #3 are related through a partial melting 
process.
Finally, the trace element variability in felsic end members could also reflect 
lower crustal hybridization by basalt intrusion (c .f, Riciputi et al., 1995). The crustal 
hybridization hypothesis predicts that lower crustal compositions will shift towards 
mantle conqx)sitions with continued basaltic intrusion over time. Isotopic values, 
there&re, are expected to shift towards higher ^  and lower ^^Sr/^Sr values with time.
This pattern is only observed over discrete intervals 6 om <1.13 Ma and 6 om 3.8 to 2.1
Ma (Figure 18). However, magmas erupted before 6.5 Ma show a marked and
continuous decrease in E d̂ and increase in ^Sr/^^Sr values with time. The data also
indicate that rhyolitic magmas (which more nearly reflect the composition of their 
parental crustal melt than more maGc samples) erupted before 6.5 Ma have a lower mean
Gxd value o f-3.2 and higher mean ^^Sr/^Sr value of 0.70647 than those erupted after 3.8 
Ma (mean Gxd value o f-2.6 and mean ^Sr/*^Sr value of 0.70618). Thus, die isotopic 
data indicate that crustal hybridization may have been occurring in the Jemez volcanic
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Figure 24. H f vs. Th plots depicting the felsic end members discussed in the text and 
depicted on Figure 21. Fields for Tewa Group magmas are depicted in gray for reference. 
References same as Figure 14. Black vectors denote an envelope of possible equilibrium 
partial melting models of an average granulite of Th = 3.6 ppm and Hf = 3.5 ppm 
(Rudnick and Fountain, 1995; Chen and Arculus, 1995; Reid et al., 1989) where 
Kg(Hf) = 0.5-0.6 and Kg(Th) = 0.05-0.2. Arrows denote the hypothesized chemical 
trend with increasing degrees of melting. Dots mark 10% partial melting increments.
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Geld. While it seems likely that hybndizadon was an important process in the 
evoluGon of Jemez magmas, it is not possible to rigorously model its efkcts because the 
composiGon of the lower crust is too poorly constrained.
Reconciling FracGonal CrvstallizaGon 
Models with the Isotopic Data
The EPMA data indicates that most Jemez magmas underwent intervals of 
GacGonal crystallizaGon that were intemgited by numerous maGc recharge events. The 
isotopic data provides further evidence Giat many intruded magmas assimilated crust. In 
order to further examine the viabihty of the fault conduit and basalt iigecGon models 
using geochemical methods, it is necessary to constrain the relaGve importance of 
fractional crystallizaGon and crustal contamination throughout the volcanic Gold’s 
evoluGoiL The 6 ult conduit model postulates that uncontaminated maGc magmas should 
be erupted during times of acGve faulting (from -13-7 Ma and after ~4 Ma in the Jemez 
volcanic Geld according to Gardner, 1985) and that variaGons in magma composiGon 
should be dominated by fractional crystallization (FXL) rather than crustal contamination. 
AltemaGvely, the basalt iigecGon model postulates that most magmas should contain 
variable amounts of crustal contaminaGon. Isotopic data, however, cannot assess the 
importance of FXL in magma evoluGon. Because trace elements display widely diftering 
parGGoning behaviors they are an ideal tool for examining the importance of GacGonaGon 
processes in a magmaGc suite’s evoluGon. However, it is not possible to direcGy consider 
crustal assinGlaGon using the trace element data (i.e., AFC modeling) because the 
composiGon of the lower crust in the vicinity of the Jemez volcanic Geld is unknown.
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The FXL modeling focuses on the HFSEs Th and Hf because these 
elements are generally similarly incompatible for magmas not containing zircon (i.e., 
magmas less evolved than rhyolite) (Figure 21) over a range of Gactionating assemblages. 
As a result, the diGerences in slope between petrogenedc trends reGect the presence of 
non-FXL processes such as assimilaGon. Therefore, it will be possible to gauge the 
relative importance ofFXL and crustal contamination processes indicated by the isotopic 
models despite a lack of constraint on crustal composiGons which prohibits ngorous AFC 
modeling.
Figure 21 shows general Rayleigh GacGonaGon envelopes ^rpropriate for the 
mineral assemblage observed in Jemez sam ple (Table 3). Models do not show speciGc 
evoluGon Gom parent to daughter composiGons, but rather indicate possible trends in Hf 
and Th concentraGons produced by FXL. The results of the models indicate that -55% 
GacGonaGon of mean Cerros del Rio basalt is required to produce 15.4 Ma basalt, 
however, this value is not geologically reasonable. 15.4 Ma basaltic andésite and 12.4-
10.5 Ma dacite, which contain high concentraGons of incompatible trace elements, are not 
pure GacGonates of mean Cerros del Rio basalt. Due to a lack of isotopic data on these 
samples and a lack of trace element data on the lower crust it is not possible to more 
ngorously assess whether the incompaGble trace element ennchments of Giese samples 
are the result of crustal contaminaGon or are denved Gom crustal melts, respecGvely.
For the 9.8-8 5 Ma petrogeneGc group (basalt and andésite), FXL of mean Cerros 
del Rio basalt does not reproduce Gie observed Th and Hf trends (Figure 21). Isotopic 
values that are displaced towards crustal composiGons (Figure 20) and a possible geneGc
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relationship to the 9.3 Ma rhyolite imply that crustal contamination may be the 
most important factor in this group's evolution.
While the FXL models between die most and least evolved members of the 9.4-
7.9 Ma andésite and dacite reproduce the observed Th and Hf trends, an unreasonably 
high amount (>90%) of fractionation is needed to reproduce the observed geochemical 
variability within the group. The similarity between die observed trend and Rayleigh 
fractionation envelope and the EPMLk evidence of normal zoning in plagioclase (Figures 
19A and 19B) suggests that FXL was an important process in the evolution of this group. 
However, the unreasonably high degrees of FXL required and isotopic values displaced 
towards crustal composiGons indicate that part of the vanabihty is the result of crustal 
assimilaGon (Figure 20).
FXL models between the most and least evolved end members of the 8.8 Ma 
basalt and andésite group do not reproduce the observed Th and Hf trends. The isotopic 
values displaced towards crustal composiGons, similar trace element raGos, and possible 
genetic relationship to the 8.7 Ma rhyolite imply that crustal assimilation may be the most 
important frictor in this groiqr's evoluGon (Figure 20).
FXL models between 8.8 and 9.8-8.5 Ma andésite and 8.7 Ma and 9.3 Ma 
rhyolite, respecGvely, do not reproduce the observed Th and Hf trends (Figure 21). The 
results of the FXL models, EPMA data, and isotopic values displaced towards mande 
composiGons suggest that the rhyoGtes are denved frnom crustal melts which were 
contaminated by basalGc recharge and are not fracGonates of andésite (Figure 20).
FXL of mean Cerros del Rio basalt does not reproduce the observed Th and Hf
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trends of 7.4-7.2 Ma andésite (Figure 21). A geologically reasonable -35% 
fractionation of the least evolved member of the 7.4-7.2 Ma group is needed to account 
for the geochemical variability within the group. The similarity between the observed 
trend and Rayleigh fractionation envelope and the EPMA evidence of normal zoning in 
plagioclase suggest that FXL was an important process in the evolution of this group. 
However, the unreasonably high degrees of FXL required to produce the andésite from 
RGRB and isotopic values displaced towards crustal composiGons indicate that part of 
the variability is the result of crustal contaminaGon (Figure 20).
FXL of die least evolved end member of the 7.4-72 Ma andésite group does not 
reproduce the 7.1 Ma El Rechuelos rhyolite's observed Th and Hf trends (Figure 21).
Less FXL would be required to produce the ihyoGte if the andesidc system was crustally 
contaminated. Intermediate Gm values suggest that the 7.1 Ma rhyolite may be a crustal
melt which has been recharged by RGRB-derived mafrc magma or a melt denved from 
hybridized crust rather than a fractionate of andésite.
Previous work on the Bearhead rhyolite (7.1 -6.5 Ma) indicates that the rhyolite 
evolved by -5 to 35% FXL and underwent minor upper crustal assimilaGon (Justet,
1999). Models indicate that -80% FXL of mean Cerros del Rio basalt is needed to 
produce Bearhead rhyolite. However, due to the large volume of rhyolite magma
represented by the Bearhead rhyolite, these models are unreaonsable. Intermediate Ĝ a
values suggest that the Bearhead rhyolite may be a crustal melt which has been recharged 
by RGRB-derived mafrc magma or a melt derived from hybridized crust rather than a
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fractionate of RGRB.
FXL of mean Cerros del Rio basalt does not reproduce the observed Th and Hf 
trends of the 3.8-3.0 Ma dacite (Figure 21). Furthermore, FXL of the dacite's least 
evolved end member does not reproduce the observed geochemical variability within the 
group. The EPMA evidence of reverse zoning (Figure 19C), presence of andésite 
enclaves, and intermediate Gxa values indicate that the variability is the result of mafrc
recharge (Figure 20).
For the 2.8-2.4 Ma basalt and andésite, FXL of mean Cerros del Rio basalt does 
not reproduce the observed Th and Hf trends (Figure 21). Isotopic values displaced 
towards lower crustal compositions imply that crustal contamination was an important 
process in the group's evolution (Figure 20).
FXL models far the 2.S-2.3 Ma basalt reproduce the observed Th and Hf trends 
and require <20% fractionation of the least evolved end member to most evolved end 
member of the group. Isotopic values similar to lithospheric mantle compositions imply 
that this group's evolution may be solely explained by FXL processes (Figure 20). These 
results also imply that the mean Cerros del Rio basalt composition derived from this 
groiq) is a viable mafrc end member for Jemez magmas.
Rayleigh fractionation of mean Cerros del Rio basalt does not reproduce the 
observed Th and Hf trends of 2.2 Ma rhyolite (Figure 21). The results of the FXL 
models, isotopic values displaced towards liAospheric mantle compositions, and EPMA 
data suggest that the rhyolites are derived fr"om crustal melts that underwent mafic 
recharge and are not direct fractionates of RGRB (Figure 20).
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Less than 10% FXL of mean Cerros del Rio basalt produces the 
observed composiGon of the 2.1 Ma rhyolite (Figure 21). However, this number is 
unrealisGcally low and suggests that the 2.1 Ma El Rechuelos rhyolite is not a fracGonate 
of RGRB. The rhyolite exhibits the lowest Gxd value (-7.06) in the volcanic Geld as well
as low ^Sr/^Sr values (0.70500) which indicates it is a lower crustal melt that did not 
interact signiGcanGy with upper crust.
Previous woik on the Tewa Group (1.85 Ma-50 ka) indicates that the Bandelier 
tuff evolved by FXL, basalGc recharge, and iqrper crustal assimilaGon (Ayuso and Smith,
1994). Spell et al. (1993) and Spell and Kyle (1989) concluded that the Valles rhyolite 
(1.13 M ato 50 ka) is denved from several separate magma chambers and that Gie magma 
was probably produced by basalt-induced melting events of hybridized crust
Revised Petrogenesis of the 
Jemez VolcarGc Field
The revised ^Ar/^^Ar-based geochronology of the Jemez volcarGc Geld indicates 
that the Geld evolved in two -3.8 m.y.-long phases (9.8-6.0 Ma and 3.8 Ma-50 ka) 
separated by a 2.2 m.y. erupGve lull. Shorter-duraGon erupGve lulls, lasting for -0.8 to 
0.3 m.y., occurred towards the end of each phase and immediately preceded the erupGons 
from large silicic systems (Figure 11). The age data Girther indicate that erupGve acGvity 
initiated at 15.4 Ma, -1 m.y. later than previously recognized and that signiGcant erupGve 
acGvity began at 12.4 Ma.
The hypothesized enqrGve phases are further distinguished by the volumetrically
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dominant ̂ rpes of magma erupted at a given time (Figure 9). Age-constrained 
m ^or element data indicate that the Grst phase (9.8 to 6.0 Ma) underwent an initial 
eruptive interval (9.8 to 7.9 Ma) that accounts for -36% of the Geld's erupGve volume 
and is characterized by the erupGon of primarily andésite (16% of the Geld's volume) and 
basalt (12% of the Geld's volume). The first phase culminated with "effusive" erupGons 
from the Bearhead silicic magma system (7.1 to 6.5 Ma) and concluded with minor silicic 
erupGons -6.0 Ma which were geochemically unrelated to the Bearhead silicic magma 
system. In contrast, the second phase (3.8 Ma to 50 ka) underwent an initial period of 
predominanGy daciGc volcanism (3.8-2.1 Ma) that accounts for -19% of the field's 
volume and culminated with the ignimbnte-producing erupGons from the Bandelier 
silicic system (1.85 to 1.22 Ma, 44% of the field's erupGve volume). The second erupGve 
phase concluded with smaU volume siGcic enqxGons of the Valles rhyolite after 1.13 Ma 
to 50 ka which were geochemically unrelated to the Bandelier silicic system.
Age-constrained fracGonal crystallizaGon (Figure 21) and simple mixing (Figure 
20) models coupled with results from the EPMA data indicate that between early small 
volume erupGve acGvi^ that preceded the major erupGons in the volcarGc Geld (15.4 to
10.5 Ma) and the two erupGve phases there are 16 petrogenGc groups (Figures 14,15, and 
16). These groups are distinguished by their denvaGon primarily from lithospheric 
manGe-derived basalt or crustal melt, degree of co-rrGngling between one maGc and 
several felsic end members, and degree of fracGonal crystallizaGon (Figures 20 and 21).
Small-volume basalt and andésite magmas enqited from 15.4-10.5 Ma are 
GacGonates of Gthospheric manGe-derived basalt which assimilated negGgible amounts of
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cnisL From 9.8 to 7.9 Ma, three types of petrogeneGc suites erupted. The Gist 
groiq) erupted Gom 9.8 to 8.5 Ma and is composed of RGRB-denved magmas which 
assimilated crust. The second groiq*, erupted from 9.4 to 7.9 Ma, formed as maGc 
magmas similar to the trachy-basalt and andésite of the 9 8-8.5 groiq) (#1, Figure 21) 
assimilated a second crustal source and underwent extensive GacGonal crystallizaGon (#2, 
Figure 21). The third group, enq)ted -8.8 Ma, formed as maGc magma sinGlar to the 9.8-
8.5 Ma trachyites assinnlated a third crustal source (#3, Figure 21). After a 0.8 m.y. 
erupGve lull a suite of magmas underwent several maGc recharge events and assimilated 
crust were erupted Gom 7.4 to 7.2 Ma. From 7.1 to 6.5 Ma hybridized crustal melt (the 
Beaihead siGcic magmas system) ascended, GacGonated, and erupted. Around 6.0 Ma a 
very smaU batch of rhyoGte erupted.
After a -2.2 m.y. erupGve lull, a suite of felsic magmas which underwent several 
maGc recharge events were erupted Gom 3.8 to 3.0 Ma. From 2.8 to 2.3 Ma RGRB- 
derived basaltic magmas primarily fractionated, but some maGc magmas assimilated a 
minor amount of crust. Concurrently, another suite of RGRB-derived basaltic magmas 
evolved exclusively by FXL. Around 2.2 Ma rhyoGte derived from crustal melt was 
erupted. FinaGy, from 1.85 Ma to 50 ka a number of batches of crustal melt ascended, 
fractionated, and erupted (BandeGer siGcic magma system and Valles rhyoGte).
Comparison of the Revised Petrogenesis 
and Previous Work
The results of this study difrer in several ways with the only other work that has 
examined the Jemez volcanic Geld's entire evoluGon (Gardner, 1985; Gardner and Gofr̂
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1984). Whereas the K/Ar geochronologic data available to Gardner (1985) and 
Gardner and GofF (1984) resolved a less precise eruptive lull lasting from 7 to 4 Ma, the 
data did not resolve the shorter 0.8-0.3 m.y. eruptive lulls that precede each "culminating" 
silicic eruptive interval (Figure 7).
Gardner (1985) and Gardner and Goff (1984) concluded that enqrtive activity 
from 9.8 to 7.9 Ma was characterized by andésite (50% of the freld's volume) that 
evolved primarily as difrerentiates of basalt. However, the results of this study suggest 
that this eruptive interval was characterized by basaltic oW  andesitic volcanism, where 
the basalt was crustally contaminated lithospheric mantle-derived basalt and the andésite 
was derived from extensively fractionated crustally modifed parental magmas.
Gardner (1985) and Gardner and Goff (1984) hypothesized tiiat magmas enqited 
7.5-6.S and 3.8-3.0 Ma represent the early and late stages of a petrogenetically related 
suite of hybrid magmas. Furthermore, they suggest that magmas generated over this 7.5- 
3.0 Ma interval are the parental magmas to the Bandelier silicic system (1.85-1.21 Ma). 
The age-constrained trace element data reported here suggests that post 3.8 Ma magmas 
underwent distinct petrogenetic evolutions, unrelated to pre-6.5 Ma magmas. It is likely 
more accurate to hypothesize that Jemez volcanic Geld magmas are derived from similar 
mantle and lower crustal sources.
Based on less precise K/Ar ages, Gardner (1985) and Gardner and Goff (1984) 
proposed that rhyolitic magmas erupted from 9.8 to 6.5 Ma (Canovas Canyon and 
Bearhead rhyolite) were continuously erupted and form a geochemical continuum. In 
contrast, the more precise ^Ar/^^Ar geochronology and mryor- and trace-element
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geochemistry indicates that the Bearhead rhyolite (7.1-6.5 Ma) and two 
petrogenetic groups within the Canovas Canyon rhyolite (9.3 and 8.7 Ma) represent three 
distinct phases of silicic volcanism that were derived predominantly from crustal 
reservoirs having different trace element compositions.
Viability of the Fault Conduit 
Model
The fruit conduit model explores how fruits related to the Rio Grande riff and 
Jemez Lineament may have acted as magma conduits and influenced the spatial, 
temporal, and compositional trends observed in the Jemez volcanic freld magmfu: In 
support of the fruit conduit model for the Jemez volcanic Geld, Justet and SpeU (2001) 
conclude that the Beaihead rhyolite's effusive eruptive style was due to venting of the 
magma reservoir by the numerous faults that intersect the Beaihead silicic system. The 
occurrence of FXL-dominated petrogenetic trends (9.4-7.9 Ma and 2.5-2.3 Ma) during 
proposed times of active faulting (12.4-7.9 Ma and after 2.8 Ma) further supports the 
fault conduit model. While it is possible that the 0.8-0.3 m.y. eruptive lulls preceding 
each "culminating" silicic interval and the extended 2.2 Ma lull between each phase 
reGect decreases in fruit rates, this hypothesis will be difBcult to test because the age of 
fruiting cannot be sufBciently constrained.
The fruit conduit model has a few inconsistencies ^ lich  suggest that other 
processes also inftuenced the Jemez volcanic Geld's evolution. First, laige volumes of 
dacite erupted from 3.8-3.0 Ma, but the vents do not necessarily occur along fruits. 
Conversely, the Beaihead silicic system existed during a time of rapidly decreasing
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faulting activi^, according to the conduit model for the Jemez volcanic Geld, 
however. Geld evidence (Smith et al., 2001) suggests that signiGcant faulting occurred as 
rhyolite erupted.
The model also does not readily explain how large degrees of crustal assimilaGon 
(9.8-8.S Ma, 8.8 Ma, and 28-2.4 Ma) occurred during times of proposed active faulting 
(12.4-7.9 Ma and after 2.8 Ma). Isotopic mixing models (Figure 20) indicate that a large 
number of the magmAs erupted Grom 9.8-7.9 Ma and 2.8-2.4 Ma contained up to 65% 
crust. Furthermore, the isotopic and FXL models (Figures 20 and 21) indicate that 
Gractionation-dominated petrogenetic groups (9.4-7.9 Ma and 2.5-2.3 Ma) and 
assimilation-dominated groups (9.8-8.5 Ma, 8.8 Ma, and 2.8-2.4 Ma) were erupted 
contemporaneously and during proposed times of increased faulting activity.
Viability of the Basalt Intrusion 
Model
While the models of Annen and Sparks (2002) do not exactly match the physical 
state of the crust underlying tiie Jemez volcanic Geld, the surprisingly simple model 
(constant basalt intrusion into crustal magmas chambers) does explain several of the 
features observed in the Jemez volcanic Geld and implies that basalt intrusion rate is an 
important mechanism controlling the Jemez volcanic Geld's evolution.
First, the EPMA data shows direct evidence for the repeated maGc recharge of 
melts residing in crustal magma chambers for most eruptive intervals in the Jemez 
volcanic Geld. Due to a lack of EPMA data it is unclear if the Beaihead and Bandelier
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silicic systems record evidence of maGc recharge events. Furthermore, due to a 
lack of volcanism during the extended 2.2 m.y. erupGve lull midway through the volcanic 
Geld's evolution, it is unclear whether intrusion was continuous or stopped over the lull 
then resumed.
Second, the simultaneous evolution of FXL- and assimilation-dominated 
petrogenetic trends is better supported by the basalt intrusion than the fault conduit 
model. The basalt intrusion model predicts that intruded magma not only acts as a heat 
source (through conduction and crystallization) it also becomes contaminated by the 
crustal melts it produces. Because intrusion, crystallization, and assimilation processes 
are occurring contenqwraneously, a variety of petrogenetic trends (having a common 
maGc end member) producing a variety of melt compositions will be generated at the 
same time (e.g., the 9.8-8.5 Ma assimilation-dominated, 9.4-7.9 Ma crystallization- 
dominated, and 8.8 Ma assimilation-dominated groups, and the 2.8-2.4 Ma assimilation- 
dominated and 2.S-2.3 Ma ciystallization-dominated groups).
Third, the basalt intrusion model predicts 10  ̂to 10̂  year periods over vriiich a 
spectrum of magma compositions are produced as a result of mingling between intruded 
basalt and crustal melt. As has already been described, this pattern is observed twice in 
the Jemez volcanic Geld. The Grst phase began -9.8 Ma with the eruption of 
predominantly andésite and basalt displaying a range of geochemical and isotopic 
composition and lasted -2.2 m.y. The second phase began -3.8 Ma with the eruption of 
predominantly dacite and lasted -2.0 m.y.
Fourth, the basalt intrusion model hypothesizes that after 10̂  to 10̂  years of basalt
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intrusion crustal melt begins to block the buoyant ascent of more maGc 
magmas, and that the under plating of the basalt enhances silicic melt generation. 
Eventually the silicic magmas ascend and erupt in a "culminating" caldera-fbrming 
eruption. The 0.8 to 0.3 m.y. eruptive lulls preceding eruptions Gom the large Bearhead 
and Bandelier silicic magma systems may reGect this process.
Finally, the basalt intrusion model provides insight into why the early portion of 
the Grst phase was dominated by andésite and basalt eruptions, the early portion of the 
second phase was dominated by dacite eruptions, and why the pre-silicic system eruptive 
lulls varied Gom 0.8 to 0.3 m.y, respectively. The model predicts that previously heated 
zones of crust will preferentially remelt in subsequent intrusion events. The shift to more 
silicic hybrid magma compositions and shorter time prior to the eruption of a large silicic 
system may reGect that the crust melted more rapidly and more extensively over the 
second enqitive phase than the GrsL
The basalt intrusion model does not explain the 2.2 m.y. enqxtive lull which 
occurred midway through the volcanic Geld's evolution. EPMA analysis of the few 
enqitions that did occur over this interval may resolve whether basalt intrusion occurred 
over this interval. In all, the lack of volcanism of any composition implies that other 
processes in addition to fruiting and basalt intrusion were controlling how the Jemez 
volcanic Geld evolved.
Unanswered Questions 
Fault conduits appear to place an important control on where magmas erupt at the
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surface and apparently has some effect on how rqiidly magmas ascend and 
enqit (i.e., the broad correlation between hypothesized intervals of increased faulting 
activity and occurrence of fractional crystallization-dominated petrogenetic trends).
Basalt intrusion into the crust appears to be an important control on the longer-term 
evolution of a volcanic freld (i.e., progression from an initial compositionally diverse 
phase to the frrmation of a large silicic system), the time scales of the evolution, and 
intra-phase eruptive lulls.
Several important aspects of the Jemez volcanic freld's evolution remain 
unanswered. It is unclear what processes led to the mid-evolution 2.2 m.y. enqitive lull. 
This study suggests that decreased faulting does not necessarily result in ceased volcanic 
activity, but decreased basalt intrusion may. 2.2 m.y. enq)tive lull volcanic rocks, 
however, have not currently been studied to assess whether they record evidence of basalt 
intrusion. OAer processes that may explain the lull in enqitive activity include: (1) 
decompression melting of the mantle is arrested due to a pause in regional extension; or 
(2) from -6.0 to 3.8 Ma enough lithospheric mantle was removed that asthenospheric 
mantle began to up well, decompress, and eventually produce melt whose derivatives 
began to erupt -3.8 Ma (c.T, Perry et al., 1987).
Finally, while the data imply that crust underneath the Jemez volcanic freld was 
hybridized, rigorous constraints on this process are still lacking (c.f., Riciputi et al.,
1995). The geochemical data collected frnm the Jemez volcanic freld does not show a 
continual progression towards more mantle-like isotopic compositions (Figure 18). By 
itself^ the frrst phase does not show unequivocal evidence for hybridization while the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
88
second enqitive phase appears to contain two intervals where magma 
compositions shifted towards more mantle-like compositions (3.8-2.3 Ma and 1.85 Ma to 
50 ka). A further complication to assessing how the crust was hybridized dnough time is 
that the composition of a pre-hybridized crust is unknown.
Future Work
Future work includes examining volcanic rocks erupted during the 2.2 m.y. 
enqitive lull to constrain whether basalt intrusion persisted throughout the Jemez volcanic 
Geld's evolution. Second, more age-constrained trace element and isotopic data are 
needed on magmas erupted from 3.8-2.3 Ma and from 1.85 to 1.22 Ma so asses whether 
the crust is becoming hybridized through time. Third, the models of Annen and Sparks 
(2002) could be expanded to include the fbUowing: (1) an examination of two periods of 
basalt intrusion; (2) crustal parameters tailored to the Jemez volcanic freld; (3) 
considering fault conduits, basalt intrusion, and other processes such as magma 
buoyancy; (4) accounting for the effects of crustal thickening and thinning in response to 
basalt intrusion and crustal extension, respectively; and (5) examining the effects of 
variable basalt intrusion and fruiting rates.




Geochronologic and geochemical data (Chapters 2 and 3) suggest that the Jemez 
volcanic Seld evolved in a two-phase manner not previously recognized in long-lived 
continental volcanic centers. While it is unclear what geologic process(es) caused the 
qiparent 2.7 m.y. g ^  between the two eruptive phases, constant basalt intrusion into the 
crust may have controlled how each phase evolved (e.g., an initial period of 
compositionally diverse volcatiism, followed by a 0.8-0.3 m.y. period of eruptive 
quiescence, and a concluding period of eruptions from a large silicic system) (Chapter 4).
The units comprising the Tschicoma Formation ^iparently enqited during critical 
periods in the Jemez volcanic field's evolution. SpeciScally, the Tschicoma andésite 
(7.4-7.2 Ma) erupted just be&re and the Tschicoma dacite (3.8-3.0 Ma) erupted just after 
the 2.2 m.y. eruptive lull (6.0-3.8 Ma). Additionally, eruption of the Tschicoma andésite 
immediately preceded the development of the volcanic ûeld's Grst large silicic system 
(Bearhead silicic system 7.1-6.0 Ma) whereas the 3.8-3.0 Ma Tschicoma dacite 
comprised the dominant eruptive volume (19%) prior to the formation of the Jemez's
89
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second large silicic system (Bandelier silicic system, 1.85-1.21 Ma).
Futhermore, the Tschicoma Formation commonly contains mafic enclaves. Detailed 
geochemical analysis of an enclave &om the Tschicoma dacite (Chapter 3) allows for 
more detailed petrologic modeling of the Tschicoma Formation than that presented 
earlier.
Because the Tschicoma Formation was produced during key periods in the 
volcanic ûeld's evolution and contains direct evidence of interactions w i6  maGc magmas 
examining it's petrogenesis in greater detail may furAer constrain whether Ae crust 
beneaA Ae Jemez volcanic field was hybridized (as the basalt mtrusion model predicts) 
over its evolution. Constraining crustal hybridization m the volcanic Geld is important 
for testing the validity of Ae basalt mtrusion model, but it is also necessary for 
constraining Ae petrogenetic evolution of Ae Jemez volcanic field.
The following petrogenetic models of Ae Tschicoma Formation are intended to 
serve as a preliminary step in constraining Ae processes leadmg to Ae 2.2 m.y. eruptive 
lull midway through the volcanic center’s evolution and the processes involved in Ae 
formation of Ae field’s two large silicic systems. These models will also help constrain 
i^iether Ae crust beneaA the volcanic Geld was hybridized. Because of it's preliminary 
nature, the discussion fiacuses on how the andésite and dacite evolved and their 
relationship A oAer units in Ae volcanic Geld and brieGy comments on Ae implications 
Ae models have for the fault conduit and crustal hybridization models.
The petrogenetic models presented below AGer m an important way Gom Aose 
presented in Chapter 4. The models outlined in Chapter 4 consider the "true" mafic and
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felsic end members found in the Jemez volcanic Geld. Because the Jemez's 
heterogeneous felsic end member is poorly constrained, modeling in C huter 4 was 
limited A simple mixing and pure GacGonal ciystallizaGon despiA several lines of 
geochemical evidence Wdch indicaA that boA GacGonaGon and assimilaGon processes 
(AFC) were important. In an attempt A constrain Ae AFC processes that are important in 
the evoluGon of Jemez magmas, Ae Allowing models resort A the use of apparent end 
members. These apparent end members are represented by maGc and Alsic magmas 
erupted m Ae Jemez volcarGc Geld that are likely denvaGves of Ae pnstine GAosphenc 
mantle and crustal end members Ascussed m Chapter 4. The models presented below 
focus on the Tschicoma FormaGon because of its importance in understanding the 
volcarGc field's evoluGon and because viable apparent mafic (e.g., mafic enclaves and 
age-appropriate basalt samples) and felsic (e.g., age-appropriate rhyolite samples) end 
member samples are associated wiA Aese units. Because apparent end members are 
considered the numerical results presented below likely over estimaA the amount of 
GacGonaGon and assimilaGon required A preAct the observed trends.
Previous Work on the Tschicoma FormaGon 
LitGe focused work has been completed on Ae Tschicoma FormaGon (Griggs, 
1964, LoefGer, 1984). Early work simply defined the Tschicoma FormaGon as -500 km  ̂
of daciA and rrGnor volumes of andesiA erupted in the northern Jemez volcarGc field 
(Griggs, 1964). LoefQer (1984) concluded that the Tschicoma andesiA was eiAer 
derived Gom melting of lower crust or upper crustal contaminaGon of manGe-derived
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basalt accompanied by fractional crystallization. LoefGer (1984) also 
concluded that Ae Tschicoma dacite is not a Gacdonate of andesiA, but may Armed as a 
result of co-mingling between Paliza Canyon andesiA and Keres Groiq) ihyoliA. More 
recently, Gardner et al. (1986) suggested that Ae Tschicoma andesiA is an upper crustally 
contaminated GacGonaA of Paliza Canyon-like basalt that was erupted when faulting 
acGvity was decreasing m the volcanic Geld (-8-7 Ma). Gardner (1985) also suggested 
that Tschicoma daciA was generated by co-mingling between Paliza Canyon-like basalt 
or basalGc andesiA and Keres high-sihca rhyoGA during a luU in Aulting acGvity (-7-4 
Ma) which permitted Ae coalescence of large hybrid magma chambers.
Petrogenesis of the Tschicoma AndesiA
Geochemical Data
As stated in Chapter 3, the Tschicoma andesiA is composed of trachyandesiA and 
andesiA (LeBas et al., 1986) ( Figures 12 and 13) that contains modal abundances of 67- 
77% plagioclase, 13-18% CPX, 4-7%, OPX, 3-11 %, magneGA, and 0-2% bioGA (Table 
3). Electron microprobe analysis indicates that anorthite content of reverse-zoned 
plagioclase varies Gom An2g.6 i (oGgoclase A labradonA) (Appendix D). Chapter 4 
concluded that Ae large variaGon m anorthiA content is the result of inGux of maGc 
magma (basalGc andesiA or basalt).
Tschicoma andesiA samples vary Gom -8.6-14 ppm Th and 5.0-6.1 ppm Hf 
(Figure 25A), Gom 671-800 ppm Sr and 35-71 ppm Rb (Figure 26A), and Gom 40-64 
ppm La and -20-40 ppm Nd (Figure 27A). Exd values range Gom -2.22 A -3.57 while
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Figure 25. H f vs. Th plots depicting Ae (A) Tschicoma andesiA and possible apparent 
end members, El Rechuelos sample ER 7 and LobaA basait sample LB 14 and 
(B) Tschicoma daciA and possible apparent maGc end members andesiA enclave and 
Cerros del Rio basait (D u^er et al., 1991).
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Figure 26. Rb vs. Sr plots depicting Ae (A) Tschicoma andesiA and possible apparent 
end members, El Rechuelos sample ER 7 and LobaA basalt sample LB 14 and 
(B) Tschicoma daciA and possible maGc apparent end members andesiA enclave and 
Cerros del Rio basalt (Dunker et al., 1991). Data G%)m Ais study except Cerros del Rio
basalt.
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Figure 27. Chondrite normalized REE plots depicting the (A) Tschicoma andésite and 
possible apparent end members, El Rechuelos sample ER 7 and Lobato basalt sample 
LB 14 and Tschicoma dacite and possible ^parent maSc end members andésite 
enclave and Cerros del Rio basalt (Dunker et al., 1991). Chondrite values 6om 
Nakamura (1974).
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Figure 28. vs. ''S r/'S r plot of the Tschicoma andésite and dacite and apparent end 
members. RGR = Rio Grande rift basalt 6om Perry et al. (1987), MORE = mid­
ocean ridge basalt. Field for lower crust 6om southwestern U.S. xenolith data 
(noncumulates) ûom James et al. (1980); DePaolo (1981); Esperanca et al. (1988); Reid 
et al., (1989); and Kempton et al. (1980).
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^Sr/*^Sr varies 6om 0.70502 to 0.70493 (Figure 28). Sample TD 20 is the 
youngest andésite sample (7.17 ± 0.12 Ma, Table 1) and is generally Ae least evolved in 
trace element concentrations. Specifically, TD 20 exhibits Ae lowest concentrations o f 
HFSEs (Th = 8.6 ppm and Hf = 5.0 ppm. Figure 25A) and REEs (La = 43 ppm and Nd = 
25 ppm. Figure 27A), and highest concentrations of LILs (Sr = 776 ppm and Rb = 62 
ppm. Figure 26A). However, TD 20 also contains Ae lowest Ĝ d (-3.57) and highest 
^Sr/^Sr (0.70506) values compared A Ae oAer analyzed Tschicoma andésite sample 
(Figure 28). Sample TD 24 is the oldest andésite sample (7.43 ± 0.14 Ma, Table 1) and is 
generally the most evolved m trace element concentrations. TD 24 contains higher 
concentrations of HFSEs (Th = 9.4 ppm and Hf = 5.6 ppm. Figure 25A) and La (La = 53 
ppm. Figure 27A), and lower concentrations of LILs (Sr = 671 ppm and Rb = 68 ppm. 
Figure 26A) and Nd (Nd = 32 ppm. Figure 27A). Sample TD 24 also contains the highest 
Gxd (-222) and lowest ^^Sr/^Sr (0.70493) values compared A TD 20 (Figure 28).
Mass Balance Modeling 
Major and minor element modeling was performed using an mverse mass balance 
routine. End member whole rock compositions and phenocryst compositions were 
speciGed for each model. Output information included Ae amount of each phase that 
needed A be added or subtracted Gom the system and an estimaA of Ae bulk composition 
of material added A the system. For mass balance models, Tschicoma andesiA sample 
TD 20 was chosen as Ae maGc end member and TD 24 was chosen as Ae Alsic end 
member based on the age-constrained m^or/trace element data. Modeled mineral
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assemblages were based on pétrographie analysis and included plagioclase,
OPX, CPX, magnetite, and biotiA (Table 3). Mineral compositions were represented b y  
the end member compositions obtained Gom electron microprobe analysis o f plagioclase 
and pyroxene Gom samples TD 20 and TD 24 (Appendix D). MagnetiA composiGons 
were obtained Gom Deer, Howie, and Zussman (1992). In all, tens o f models were 
calculated Wiich considered the variations in modal abundances and mineral chem istries.
Mass balance models, most imply that the observed chemical variaGon in the 
Tschicoma andesiA can be explained by Ae addiGon of -20-45% basalGc andesiA 
counterbalanced by -25 A 49% FXL of plagioclase, orAopyroxene, and magneGA or 
addiGon of as litde as 5% basalGc andesiA accompanied by 5-8% FXL of plagioclase a n d  
pyroxene. The Armer opGon seems more likely because the isoApic variaGon o f the 
andesiA towards more mantle-like compositions through time (Figure 28) and reverse 
chemical zormig m plagioclase mAcaA that repeated recharge by a more maGc m ag m a  
was an important petrogeneGc process. Because apparent end members were used in  t h e  
models, Ae numerical estimates likely represent maximum values. The mass balance 
models imply that signiGcant degrees of GacGonaGon and recharge by a more maGc 
magma are needed A explain Ae observed geochemical variaGon m the Tschicom a 
andesiA.
Possible End Members 
The mass balance modeling presented above, trend Awards more m anüe-like 
isotopic composiGons through time (Figure 28), and reverse-zoned phenocryst c h e m is tr y  
(Figures 19C and 19D) imply that the andesiA was recharged by maGc magma. F u r th e r
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modeling, therefore, should consider basaltic andésite or basalt as the mafic 
recharge end member. Polvadera Group basalt sample LB 14 is a viable candidate 
because it was erupted at 7.71 ± 0.18 Ma (Table 1), similar to the 7.4-7.2 Ma time 
Tschicoma andésite was erupted, and is in close proximity to the andésite vents. 
Furthermore, LB 14 (8Nd = +1.19, *^Sr/*^Sr = 0.70428) displays similar HFSE (Tb = 3.5
ppm and Hf = 4.0 ppm, Figure 25 A), REE (La = 34 ppm and Nd = <22 ppm. Figure 
27A), and Sr (Sr = 707 ppm, Figure 26A) concentrations as Tschicoma andésite sample
TD 20. LB 14 exhibits an SNd value o f+1.19 and ^^Sr/^Sr value of 0.70428 (Figure 28).
El Rechuelos rhyolite sample ER 7 is the most viable apparent crustal end 
member for the Tschicoma andésite because it was erupted (7.1 + 0.5 Ma, Table 1) at the 
same time as the andésite, and in close proximity to the andésite vents. Furthermore, ER 
7 displays similar HFSE (Th = 10.2 ppm and Hf = 5.3 ppm, Figure 25A), REE (La = 48 
ppm, Nd = 21 ppm, Figure 27A), and Rb (Rb = 79 ppm, Figure 26A) concentrations and 
Nd and Sr isotopic values (SNd = -3.65 and ^^Sr/^^Sr = 0.70523, figure 28) as Tschicoma
andésite sample TD 20. The El Rechuelos rhyolite sample’s trace element and isotopic 
similarity suggests that it is a reasonable crustal end member.
Isotonic Modeling
Figure 29 shows simple mixing models between crustal end member El Rechuelos 
rhyolite sample ER 7 and mafic recharge end member Lobato basalt sample LB 14. The 
models imply that the addition of as much as -25% of basalt is needed to produce the
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Figure 29. Plot of vs. ^^Sr/^^Sr data for the Tschicoma Formation which include 
simple mixing models for (A) Tschicoma andésite, and (B) Tschicoma dacite. Tick marks 
on arrays denote 10% increments.
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observed isotopic variation between the least and most evolved andésite 
samples. The results of these mixing models are consistent with the mixing models 
presented in Chapter 4 and the mass balance modeling.
Trace Element Modeling 
AFC models were considered for trace element modeling of the Tschicoma 
andésite because the mass balance modeling implied that mafic recharge into the crust 
a n d  fractional crystallization were important processes in the evolution of the andésite 
(Figure 21). The models used El Rechuelos rhyolite sample ER 7 as the assimilant, 
Polvadera basalt sample LB 14 as the parental magma composition, and a fractionation 
assemblage of 67-77% plagioclase, 13-18% CPX, 4-7% OPX, 3-11% magnetite, and 0- 
2% biotite that was derived from pétrographie analysis of the andésite (Table 3). The 
model implies that less than 30% by mass of crust must be assimilated by injected basalt 
accompanied by -20-30% FXL of plagioclase, pyroxene, and magnetite reproduces the 
observed geochemical trends (Figure 30). As with the mass balance modeling, the use of 
apparent end members in the trace element models likely resulted in maximum estimates 
of mixing and fractionation. The results of this model are not inconsistent with the mass 
balance and isotope mixing models, and mineral chemistry data if the crustal assimilant 
was becoming increasingly hybridized.
Petrogenesis of the Tschicoma Dacite 
Geochemical Data
The Tschicoma dacite is composed of dacite (LeBas et al., 1986) (Figures 12 and
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Figure 30. Hf vs. Th plots depicting AFC models for the (A) Tschicoma andésite and
(B) Tschicoma dacite. Black arrows denote the AFC vectors using the mineral 
assemblage and mixing end members discussed in the text. Ticks on fractionation trends 
mark 10% fractional crystallization increments.
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13) that contains modal abundances of 0-7% K-feldspar, 50-71% plagioclase,
18-32% hornblende, 4-12% biotite, and 2-11% magnetite (Table 3). Electron microprobe 
analysis indicates that anorthite content of reverse-zoned plagioclase varies from An26-6 i 
(oligoclase to labradorite) (Appendix D). Chapter 4 concluded that the large variation in 
anorthite content is the result of influx of mafic magma (basaltic andésite or basalt).
In trace element and Nd and Sr isotope content, the Tschicoma dacite varies from 
2-15 ppm Th and 3-7 ppm Hf (Figure 25B), from 484-710 ppm Sr and -43-76 ppm Rb 
(Figure 26B), and from -38-57 ppm La and -10-28 ppm Nd (Figure 27B). SNd values 
vary from -1.99 to -3.30 while ^^Sr/^Sr varies from 0.70433 to 0.70450 (Figure 28). 
Sample TD 10 is the youngest and generally least evolved dacite sample (2.97 ± 0.22 Ma, 
Table 1) which exhibits lower concentrations of REEs (La = 43 ppm and Nd = 15 ppm. 
Figure 27B) and LILs (Sr = 675 ppm and Rb = 44 ppm. Figure 26B), and intermediate 
HFSE concentrations (Th = 7.5 ppm and Hf = 4.6 ppm. Figure 25B). TD 10 also contains
the highest SNd (-1.99) and lowest ^^Sr/^^Sr (0.70433) values compared to the other 
analyzed dacite sample (Figure 28). Sample TD 13 is the oldest and generally most 
evolved dacite sample(3.79 ± 0.21 Ma, Table 1) which generally exhibits lower 
concentrations of Hf (Hf = 4.4 ppm. Figure 25B), La (La = 38 ppm. Figure 27B), and Sr 
(Sr = 484 ppm. Figure 26B), and higher concentrations of Rb (Rb = 65 ppm. Figure 26B). 
TD 13 also exhibits the lowest SNd (-3.30) and highest ^^Sr/^^Sr (0.70450) values 
compared to the other analyzed dacite sample (Figure 28).
The dacite commonly contains andésite enclaves composed of -50% plagioclase.
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-35% CPX, -5% hornblende, -5% OPX, and -5% magnetite (Table 3).
Matrix plagioclase in the enclave (sample TDIINC) is significantly more anorthitic (Aii44. 
6i) than the cores of plagioclase phenocrysts in the enclave (An2g-45) (Figure 19D). The 
andesitic enclave (Th = 7.1 ppm, Hf = 4.4 ppm. La = 47 ppm, Nd = 50 ppm, Sr = 852 
ppm, Rb = 47 ppm) contains low concentrations of Hf (Hf = 4.4 ppm. Figure 25B), La 
(La = 47 ppm. Figure 27B), and Rb (Rb = 47 ppm. Figure 26B)and high concentrations of 
Nd (Nd = 50 ppm. Figure 27B) and Sr (Sr = 852 ppm. Figure 26B) compared to the 
dacite. No isotopic analyses were obtained for TDIINC.
Mass Balance Modeling 
As with the Tschicoma andésite, tens of major and minor element models were 
performed using an inverse mass balance routine representing the ranges in modal 
abundances and mineral chemistries. For mass balance models, Tschicoma dacite sample 
TD 10 was the chosen mafic end member and TD 13 was the chosen felsic end member 
based on the age-constrained major/trace element and isotopic data. Modeled mineral 
assemblages were based on pétrographie analysis an included K-feldspar, plagioclase, 
hornblende, biotite, and magnetite (Table 3). Mineral compositions were represented by 
the end member compositions obtained from electron microprobe analysis of K-feldspar 
and plagioclase from samples TD 20 and TD 24 (Appendix D). Biotite and hornblende 
compositions were taken from samples IM21 and IM32 collected by Loeffler (1984) at 
the same location as Tschicoma dacite sample TD 23 from this study. Magnetite 
compositions were obtained from Deer, Howie, and Zussman (1992).
Mass balance models consistently imply that the observed chemical variation in
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the Tschicoma dacite may be modeled by the addition of -25-40% of basaltic 
andésite and minor (-3%) FXL of plagioclase, biotite, and hornblende. This result is 
consistent with the isotopic variation of the dacite towards more mantle-like compositions 
through time, reverse chemical zoning in plagioclase, and mafic enclaves which indicate 
that co-mingling with significant quantities of a less evolved magma was an important 
process in the dacite’s evolution. Because apparent end members were used in the 
models, the numerical estimates likely represent maximum values. The mass balance 
models imply that the dacite interacted with a significant amount of more mafic magma.
Possible End Members 
Because the mass balance modeling, trend towards higher SNd and lower Sr
isotopic values with time, phenocryst chemistry data, and mafic enclaves imply that the 
dacite was repeatedly recharged by mafic magma. Further modeling, therefore, should 
consider basaltic andésite or basalt as a mafic recharge end member. No basaltic or 
andesitic magmas were erupted with the Tschicoma dacite (3.8-3.0 Ma). The andésite 
enclave (TDIINC) discussed above is the most direct mafic recharge end member.
Because no isotopic data was obtained for the enclave, another mafic magma must 
be used for the isotopic mixing models. One possibility is Cerros del Rio basalt erupted 
from 2.8 to 2.3 Ma (Woldegabriel et al., 1996) which erupted -0.2 m.y. after eruption of 
the Tschicoma dacite. A mean Cerros del Rio basalt composition from Dunker et al. 
(1991), Nd = 41 ppm, Sr = 857 ppm, Rb = 26 ppm, SNd = +0.55, ^^Sr/^Sr = 0.70433) 
displays similar HFSE (Th = 7.0 ppm, Hf = 4.6 ppm. Figure 25B) and La (La = 53 ppm.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
106
Figure 27B) concentrations as Tschicoma dacite, suggesting that the mean 
composition is a viable mafic end member for the isotopic modeling. Mean Cerros del
Rio basalt also contains 41 ppm Nd, 857 ppm Sr, 26 ppm Rb, SNd of +0.55, and ^^Sr/^^Sr
of 0.70433 (Figures 26B, 27B, and 28).
The possibilities for the crustal end member are not as good a geochemical match 
as those for the Tschicoma andésite. While El Rechuelos sample ER 6 is temporally 
(2.90 + 0.7 Ma, Table 1) and spatially related to the Tschicoma dacite, ER 6 displays 
different HFSE (Th = 3.2 ppm, Hf = 3.5 ppm), Nd (Nd = 10.0 ppm), and Rb (Rb = 57 
ppm) concentrations as Tschicoma dacite and markedly different isotopic values (SNd = -
7.06, ^^Sr/^Sr = 0.70500). Given the disimilarity of ER 6’s geochemistry, the most 
viable crustal end member for the Tschicoma dacite is Tschicoma dacite sample TD 13 
(discussed above).
Isotopic Modeling
Figure 29 shows simple mixing models between crustal end member Tschicoma 
dacite sample TD 13 and mafic recharge end member mean Cerros del Rio basalt. The 
models imply that the addition of as much as -30% of Cerros del Rio basalt is needed to 
produce the observed isotopic variation between least and most evolved dacite samples 
The results of these mixing models are consistent with the mixing models presented in 
Chapter 4 and the mass balance modeling.
Trace Element Modeling 
AFC models were considered for trace element modeling of the Tschicoma dacite
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because the mass balance modeling implied that mafic recharge into the crust 
was an important process in the evolution of the dacite a n d  fractional crystallization 
processes were present in the evolution of the dacite (Figure 21). The models used 
Tschicoma dacite sample TD 13 as assimilant, andésite enclave (TDIINC) as the parental 
magma composition, and a fractionation assemblage of -50% plagioclase, -35% CPX, 
-5% hornblende, -5% OPX, and -5% magnetite that was derived from pétrographie 
analysis of the dacite (Table 3). The model implies that less than 30% by mass of crust 
must be assimilated by injected mafic magma accompanied by up to 20% FXL of 
plagioclase, pyroxene, hornblende, and magnetite reproduces the observed geochemical 
trends (Figure 30). As with the mass balance modeling, the use of apparent end members 
in the models likely resulted in maximum estimates of contamination and fractionation. 
The results of this model are consistent with the mass balance and isotope mixing models, 
mineral chemistry data, and presence of andésite enclaves if the crustal assimilant was 
becoming increasingly hybridized.
Recapitulation of the Models 
Augmented by the reverse-zoned plagioclase presented and discussed in Chapters 
3 and 4, the mass balance models indicate that the Tschicoma andésite (7.4-7.2 Ma) 
evolved by the addition of 20-45% basaltic andésite and 25-49% FXL. Similarities in 
eruptive ages, eruptive locations, and trace element geochemistry imply that Lobato basalt 
sample LB 14 (7.71 Ma) and El Rechuelos rhyolite sample ER 7 (7.1 Ma) may best 
represent the mafic recharge and crustal end members, respectively. Isotope simple 
mixing models suggest that -25% addition of LB 14 is needed to reproduce the observed
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isotopic variation in the andésite. Finally, the AFC models indicate that less 
than 30% crust must be assimilated and 20-30% FXL is needed to reproduce the observed 
trend. These models are consistent with each other and with the interpretations presented 
in Chapter 4. The models and mineral chemistry data indicate that (1) mafic recharge was 
melting crust, (2) through time the mafic recharge hybridized the crust, and (3) FXL was 
also an important process for the andésite.
Augmented by the mineral chemistry data and presence of andesitic enclaves, the 
mass balance models indicate that the Tschicoma dacite (3.8-3.0 Ma) evolved by the 
addition of 25-40% basaltic andésite and minor FXL. Due to a lack of viable rhyolitic 
samples that could represent the crustal end member in the models, the most evolved 
dacite sample TD 13 was used as the crustal end member in the models. Similarities in 
eruptive ages and trace element geochemistry imply that Cerros del Rio basalt erupted 
from 2.8-2.3 Ma may best represent the mafic recharge end member for the dacite.
Isotope simple mixing models suggest that 30% addition of mean Cerros del Rio basalt is 
needed to reproduce the observed isotopic variation in the dacite. Finally, the AFC 
models indicate that less than 20% crust must be assimilated and 5-20% FXL is needed to 
reproduce the observed trend. As with the andésite models, the dacite models are 
consistent with each other and with the interpretations presented in Chapter 4. The 
models, andesitic enclaves, and mineral chemistry data indicate that (1) mafic recharge 
was melting crust, (2) through time the mafic recharge hybridized the crust, and (3) FXL 
was not an important process for the dacite.
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Comparison to Previous Work 
Whereas the Tschicoma andésite and dacite were erupted in the northern Jemez 
volcanic field, the discrepancy in their ages (7.4-7.Z Ma and 3.8-3.0 Ma, respectively. 
Table 1) and petrogeneses (important FXL component and almost purely co-mingling, 
respectively, Figures 29 and 30) indicate that the two units are unrelated. This study 
supports Gardner et al.'s (1986) conclusion that fiactional crystallization was an 
important process in the production of andésite magmas (20-45% FXL) (Figure 29). 
However, the geochronologic data and geochemical modeling reported here imply that 
the andésite is not a fiactionate of earlier-erupted basalt Keres and Polvadera basalt 
(Table 1 and Figures 29 and 30). The data suggest that the andésite formed by -20-45% 
co-mingling between a maGc and silicic magma (Figures 29 and 30). Furthermore, the 
data suggest that the most viable ^rparent end members for the andésite are basalt 
(Lobato basalt sample LB 14) and rhyolite (El Rechuelos rhyolite sample ER 7) erupted 
around the time of the andésite and not earlier-erupted Keres and Polvadera Group 
magmas (Figures 25,26,27,28, and Table 1).
Modeling presented by this study also supports Gardner et al.'s (1986) conclusion 
that the Tschicoma dacite formed by co-mingling (25-40%) between basalt or basalGc 
andésite and more silicic magmas (Figures 29 and 30). However, the geochronologic and 
geochemical data presented here further suggest that Keres and Polvadera Group magmas 
erupted before 6.0 Ma are not Gie dacite's apparent maGc end member and that FXL was 
not as influential in the dacite's (5-20% FXL) as in the andésite's evoluGon (Table 1 and 
Figures 29 and 30). The andésite enclave (Tschicoma sample TDIINC) or Cerros del Rio
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basalt erupted fiom 2.S-2.3 Ma are the most viable maGc recharge end 
members (Figures 25,26,27,28, and Table 1). The corrqx)siGon of the crustal end 
member remains unclear because no geochemically compatible silicic samples analyzed 
by this study were enqrted around the time of the dacite.
Implications for the Fault 
Conduit Model
These results provide a means of more ngorously evaluating the role fault 
conduits played in the geochemical evolution of Jemez magmas. Gardner (1985) 
suggested that the andésite was erupted as faulting acGvity in the volcarGc Geld decreased 
(and crustal contanGnaGonprocesses should become increasingly donGnant) and that the 
dacite was erupted over an interval when GiulGng acGvity was at a minimum (and crustal 
contanGnaGon processes should dorrGnate magma genesis). However, counter to the fault 
conduit model, both the andésite and dacite underwent similar degrees of co-mingling 
with more maGc magma (20-45% and 30-45%, respecGvely).
Secondly, the fault conduit model does not explain why the andésite magmas were 
apparenGy produced by large degrees of FXL than the dacite magmas (20-49% and 1- 
20%, respecGvely) and over an apparenGy shorter (-0.2 m.y.) period of time (-0.2 and 
-0.8 m.y., respecGvely). One possibility is that the andésite magmas cooled and 
crystallized more rapidly than the dacite. Rgpid cooling could be the result of the 
andésite being derived Gom a smaller magma body than the dacite (as suggested by their 
respecGve 2 and 19% estimated erupGve volumes. Table 2). It could also be the result of
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the andésite receiving fewer intrusions of a maGc magma (vhich would serve 
as a heat source) than the dacite.
Further detailed petrogenetic modeling of other units in the volcanic Geld may 
better resolve consistencies and discrepancies with the fault conduit model which could 
lead to reGnements in proposed intervals of increased and decreased active faulting. 
Detailed modeling will also help constrain the parameters involved in basalt intrusion 
modeling (mainly basalt water content and temperature and crust composiGon) in order to 
construct an intrusion model tailored to the Jemez volcanic Geld.
hnpGcaGons for Crustal HybridizaGon 
and the Basalt Intrusion Model
The shift towards higher values between the older Tschicoma andésite (-3.57
to -2.22) and younger dacite (-3.30 to -1.99) may indicate that the crust underlying the 
Jemez volcanic Geld was progressively thermally and chemically hybridized by basalt 
intrusion over time (Figure 28). Stronger evidence that the crust underneath the Jemez 
volcanic Geld lies in the observaGon that overall the dacite samples exhibit higher Gxa
values Gian the andésite. While these results are promising, they are based on very 
limited data. AddiGonal age and isotopic data are needed to further evaluate the 
hybridizaGon hypothesis. Constraining crustal hybridizaGon in the volcanic Geld is 
important far testing the validity of the basalt intrusion model because the model predicts 
hybridizaGon.
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Appendix A  K eres G roup M ajor and Trace Elem ent Abundances
TKctl BSP2 BSP4 BSP3 BSP6
Classification dacite rhyolite rhyolite trachydacite rhyolite
Geochemical Group 9.4-7.9 -8.7 -8.8 9.4-79 -8.7
Latitude (N) 35°44'30" 35°40'14" 35°3936" 35°39'48" 35°3930"
Longitude (W) 106°21'14" 106°32'52" 106°33'20" 106°32'52" 106°33'48"
SiOz 69.0 74.0 75.4 68.7 75.6
AlgOg 13.2 14.1 13.5 15.9 13.3
TiOz 0.3 0.2 0.2 0.5 0.2
FezOg* 2.2 1.1 1.0 2.4 1.0
MgO 0.9 0.2 0.1 0.4 0.1
CaO 1.9 0.9 0.6 1.6 0.6
NagO 3.4 4.6 4.4 4.7 4.4
KzO 3.9 43 4.5 4.8 4.6
MnO 0.055 0.064 0.059 0.045 0.055
PzOg 0.12 0.04 0.03 0.11 0.03
%LOI 4.14 0.70 0.62 0.81 0.57
Total 99.1 100.1 100.5 99.8 100.4
Rb* 134 93 110 98 110
Sr* 214 248 107 364 108
Y* 25 18 20 26 21
Zr* 144 183 142 394 143
Nb* 33 42 43 39 42
Ba** 821 1276 948 1703 835
Sc** 4.4 1.9 2.0 4.3 1.8
Cr** 13.8 <1.5 < 1.4 2.4 0.9
Ni* 7 0 0 4 0
Cs'* 4.1 2.9 3.7 1.5 3.4
La** 40 64 43 42 41
Ce** 69 84 71 114 71
Nd** 18 23 18 35 20
Sm** 4.1 6.3 3.7 3.5 3.0
Eu** 0.6 0.8 0.6 1.4 0.7
Tb** 0.5 0.5 0.5 0.7 0.6
Yb** 2.8 2.8 2.1 2.3 1.7
Lu** 0.4 0.4 0.3 0.3 0.3
Hf** 4.7 5.1 4.7 10.0 4.7
Ta** 33 3.7 4.1 3.0 4.1
Pb* 19 26 25 25 26
Th** 18.0 18.6 19.1 16.9 18.5
U** 6.2 5.8 6.4 5.6 5.9
" S r /^ ± 2 o — — — 0.705092 ± 10 —
' ^ d / '^ d ± 2 o — “ — 0.512525 ± 5
— — — -230
Age (Ma) ± lo — ” 8.00 ± 0.60 —
Notes; Oxides in wt.%, trace elements in ppm, * Total Fe expressed as FezOg, * XRF, ** INAA
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Appendix A  K eres Group M ajor and Trace Elem ent A bundances
BSP7 BSP8 SCP2 WBD SSMM2
Classification rhyolite rhyolite trachydacite Ayolite dacite
Geochemical Group -8.7 6.5-7.1 9.4-79 -9.3 9.4-7.9
Latitude (N) 35°40'18" 35°40'18" 35°43'53" 35°3733" 35°44'00"
Longitude (W) 106°33'53" 106°33'45" 106°35'46" 106°35'43" 106°23'18"
SiOg 72.5 74.3 67.4 70.7 68.6
AlgOg 13.7 123 16.0 14.5 14.0
TiOz 03 0.1 0.7 0.3 0.7
FezOg* 1.1 0.7 3.0 1.6 3.7
MgO 03 0.1 0.6 0.3 0.8
CaO 0.9 0.4 1.8 0.8 2.5
NagO 43 3.9 5.6 4.7 43
KgO 43 4.6 3.9 4.8 33
MnO 0.059 0.066 0.095 0.075 0.068
PgOg 0.05 0.02 0.19 0.08 038
%LOI 3.32 3.01 0.60 0.85 0.95
Total 100.6 99.4 99.8 98.7 99.0
Rb* 93 115 76 99 56
Sr* 243 16 403 120 500
Y* 16 25 35 21 23
Zr* 167 100 458 256 325
Nb* 37 30 56 57 36
Ba** 1131 575 1552 919 1344
Sc** 1.6 3.3 63 2.3 5.6
Cr** <1.3 <1.6 1.6 2.9 4.3
Ni* 0 0 0 0 5
Cs** 2.9 43 1.7 2.9 13
La** 27 51 75 68 59
Ce** 69 56 138 108 99
Nd** 14 15 48 28 30
Sm** 4.2 3.8 8.4 4.5 6.1
Eu** 0.6 03 2.1 0.8 1.5
Tb** 0.4 0.7 1.1 0.6 0.6
Yb** 2.6 1.9 3.5 2.3 2.5
Lu** 0.4 0.3 0.5 0.4 0.3
Hf** 4.6 3.8 10.4 7.4 7.4
Ta*» 3.4 3.0 3.7 4.5 2.9
Pb* 25 24 19 24 15
Th** 15.8 123 163 21.6 11.4
U** 4.2 4.7 5.1 6.3 3.6
^Sr/*Sr±2o 0.705757 ± 10 — — — 0.704631 ±11
" ^ d /'* ^ d ± 2 o 0.512485 ± 4 - “ - 0.512565 ± 4
N̂d -2.98 - “ - -1.42
Age (Ma)± 1er 8.65 ± 0.35 6.80 ± 0.04 — — 9.14 ±0.27
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FegOg, * XRF, ** INAA
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A ppendix A  K eres Group M ajor and Trace Elem ent A bundances
Canovas Canyon Rhyolite (cont.) Paliza Canyon Dacite
ECP5 BDl SSMM3 Tkbdl
Classification trachydacite rhyolite trachydacite trachydacite
Geochemical Gnxqi 9.4-7.9 -4.3 9.4-7.9 9.4-7.9
Latitude (N) 35°44'43" 35°38.4" 35°43'52" 35°43'53"
Longitude (W) 106°22'12" 106°35.9' 106°23'10" 106°2232"
SiOz 68.5 70.7 65.5 67.5
AlzOg 15.4 15.0 15.6 15.9
TiOz 0.6 0.3 0.9 0.6
FezOg* 2.5 1.8 4.4 2.6
MgO 0.3 0.4 0.7 0.5
CaO 1.1 1.1 2.5 1.4
NagO 5.1 5.3 4.9 5.2
KgO 4.8 4.6 3.9 4.8
MnO 0.042 0.086 0.106 0.074
PzOg 0.13 0.08 0.34 0.19
%LOI 0.60 0.39 0.92 0.66
Total 993 99.8 99.7 99.5
Rb* 109 87 75 108
Si* 228 160 505 273
Y* 33 24 27 36
Zr* 516 294 390 504
Nb* 58 55 44 57
Ba** 1425 972 1495 1308
Sc * 5.2 3.0 7.0 5.8
Cr** < 1.8 63 3.0 <2.5
Ni* 0 5 6 0
Cs** 2.7 2.1 23 2.5
La** 75 75 69 77
Ce** 126 119 123 133
Nd** 39 32 39 40
Sm** 7.7 5.9 7.3 7.0
Eu** 1.6 1.0 1.7 1.8
Tb** 1.0 0.7 0.9 13
Yb** 3.6 2.3 2.7 33
Lu** 0.5 0.4 0.4 0.5
H f* 11.6 7.6 9.4 11.7
Ta** 4.0 43 33 3.5
Pb* 21 20 17 25
Tb** 20.7 21.3 14.6 21.1
U** 6.8 63 3.8 7.5
''S r /* ^ ± 2 o — 0.704786 ± 10 0.704648 ± 9 0.704692 ± 9
-- 0.512596 ±5 0.512564 ± 4 0.512636 ± 4
Gxd - -0.82 -1.44 -0.04
Age (Ma)± la — 9.30 ±0.05 8.58 ±0.13 9.08 ± 0.06
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FegOg, * XRF, ** INAA
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A ppendix A  K eres Group M ajor and Trace Elem ent Abundances
Tkdl Tkhdl TTdid2 TkhdSA Tkhd3B
Classification dacite tradodacite trachydacite tiachyandesite trachydacite
Geochemical Group 9.4-7.9 9.4-7.9 9.4-7.9 9.4-7.9 9.4-7.9
Latitude (N) 35°4747" 35°4438" 35°46T8" 35°4T19" 35°4725"
Longitude (W) 106°25'04" 106°21'18" 106°24'43" 106°21'43" 106°25'10"
SiOz 64.8 64.8 67.1 59.8 66.6
AlgOg 16.0 16.4 16.1 16.9 16.0
TiOz 0.6 0.8 0.6 1.0 0.7
FezOg* 4.0 4.6 3.0 5.9 2.9
MgO 1.6 0.6 0.8 2.0 03
CaO 4.0 3.4 23 5.0 1.6
NagO 3.7 4.5 5.1 4.4 53
KgO 3.1 3.0 4.0 2.7 4.5
MnO 0.060 0.043 0.070 0.097 0.073
PzOg 0.20 0.30 0.18 0.41 0.17
%LOI 1.69 138 0.43 1.44 0.44
Total 99.8 99.7 99.6 993 98.7
Rb* 52 62 82 50 107
Sr* 606 638 442 916 332
Y* 23 21 27 28 31
Zr* 175 193 395 251 449
Nb* 12 24 42 27 53
Ba** 1187 1491 1406 1417 1517
Sc** 8.0 7.7 5.0 11.9 6.0
Cr** 9.5 3.0 <2.9 19.6 <3.2
Ni* 12 4 0 22 5
Cs** 1.1 1.2 1.6 1.0 3.1
La** 38 46 67 67 76
Ce** 55 69 108 102 129
Nd** 24 19 37 31 52
Sm** 53 5.0 6.8 7.6 8.0
Eu** 1.3 1.4 1.6 2.0 1.8
Tb** 0.8 0.8 0.9 0.9 0.9
Yb** 2.0 1.9 2.7 2.4 3.4
Lu** 0.3 0.3 03 0.4 0.5
H f* 4.6 4.9 9.3 6.0 11.0
Ta** 0.7 1.9 2.7 1.9 3.4
Pb* 16 17 18 19 30
Th** 4.3 8.4 16.6 10.1 19.1
U** 1.4 2.9 6.1 4.0 6.0
""Sr/^& ±2o ~ ~ — — —
'* ^ d /'* ^ d  ± 2o - ~ - — -
N̂d - - - “ -
Age (Ma) ± lo — — — — —
Notes: Oxides in wt.%, trace elements in ppm, * Total Fe expressed as FcgOg, * XRF, ** INA
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A ppendix A  K eres G ronp M ajor and Trace Elem ent Abundances
Tcdl Tcd2 Tcd3 Tcd4
Classification trachyandesite tradyandesite andésite trachydacite
Geochemical Group Q.4-7.9 9.4-7.9 9.4-7.9 9.4-79
Latitude (N) 35°4T55" 35°47X)3" 35°4T27" 35°4534"
Longitude (W) 106°31'16" 106°31'48" 106°34'04" 106°34'36"
SiOz 60.7 58.3 60.8 62.3
AlgOg 16.4 17.0 16.9 17.0
TiOz 0.9 1.1 0.9 1.0
FezOg* 5.3 6.4 5.8 5.0
MgO 2.0 3.0 2.2 13
CaO 4.5 5.8 4.9 3.4
NagO 4.3 4.1 43 4.9
KgO 2.7 23 2.1 33
MnO 0.073 0.098 0.101 0.070
PzOg 0.33 038 0.44 0.35
%LOI 1.71 135 1.55 1.16
Total 99.0 99.6 99.7 99.5
Rb* 52 37 32 63
Sr* 757 837 841 681
Y* 21 23 22 36
Zr* 229 233 206 354
Nb* 23 24 22 38
Ba** 1183 1179 1247 1432
Sc** 11.0 13.1 9.3 8.9
Cr** 23.4 17.9 13.5 7.2
Ni* 20 25 15 13
Cs** 1.0 1.1 1.0 1.6
La'* 46 48 50 88
Ce** 78 79 83 140
Nd** 36 25 34 42
Sm** 5.6 5.9 6.0 9.7
Eu** 1.6 1.7 1.7 2.4
Tb** 0.6 0.7 0.6 1.2
Yb** 1.9 2.0 1.9 3.3
Lu** 0.3 03 0.3 0.5
H f* 5.8 5.3 5.0 83
Ta** 1.6 1.4 1.6 2.4
Pb* 19 15 17 20
Th** 8.5 7.6 6.5 12.5
U** 3.3 2.0 1.8 43
*^Sr/^Sr±2(T — 0.704420 ± 10 — 0.704615 ± 10
"* ^d /'* ^ d ± 2 o - 0.512543 ±3 - 0.512558 ± 4
~ -1.85 — -1.56
Age (Ma) ± la — 8.85 ±0.17 — 9.42 ± 032
Notes: Oxides in wt.%, trace elements in ppn. Total Fe expressed as FczOg, * XRF, **
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A ppendix A  K eres Gronp M ajor and Trace E lem ent Abundances
Tcd5 Tcd6 Tcd7 Tcd8 Tcd9
Classification tiachyandesite trachydacite trachydacite trachyandesite trachydacite
Geochemical Group 9.4-7.9 9.4-7.9 9.4-7.9 94-7.9 9.4-7.9
Latitude (N) 35°45'52" 35°45'56" 35°44'39" 35°42'30" 35°40'32"
Longitude (W) 106°35'16" 106°36"58" 106°35'03" 106°33'53" I06°30'40"
SiOg 61.5 623 633 61.5 62.3
AlgOg 16.9 173 16.8 16.8 17.3
TiOg 0.9 0.9 0.8 0.9 0.8
FegOg* 5.4 4.6 4.4 5.4 43
MgO 1.7 1.4 13 1.9 1.1
CaO 43 4.1 3.7 4.6 33
NagO 4.5 5.1 4.8 4.6 53
KgO 2.7 3.1 3.0 2.8 3.6
MnO 0.085 0.091 0.090 0.095 0.063
PgO; 0.40 0.36 0.28 0.33 0.29
%LOI 0.88 0.39 0.78 0.67 1.03
Total 99.1 99.6 993 99.5 99.1
Rb* 48 57 55 49 69
Sr* 761 816 683 787 640
Y* 29 30 25 21 29
Zr* 280 329 286 261 410
Nb* 30 36 29 27 48
Ba** 1586 1322 1347 1233 1218
Sc** 83 83 8.6 9.7 7.1
Cr** 6.5 8.0 6.6 14.3 <3.5
Ni* 10 9 11 15 5
Cs** 1.5 1.6 1.7 13 1.6
La** 85 72 51 51 90
Ce** 127 113 92 86 116
Nd** 58 41 28 30 44
Sm** 9.4 7.8 6.1 5.6 83
Eu** 2.2 23 1.7 1.6 2.0
Tb** 1.0 1.0 1.0 0.7 0.9
Yb** 3.1 2.7 23 2.0 3.3
Lu** 0.5 0.4 03 03 0.4
Hf** 7.7 7.6 6.7 5.8 9.4
Ta** 2.6 2.5 2.0 1.8 33
Pb* 20 21 18 18 20
Th** 12.3 11.5 93 8.0 16.9
U** 3.8 43 2.9 1.8 5.3
"S r/^S r± 2o — — — — —
'* ^ d / '^ d ± 2 o - -- - ~
- - - -- --
Age (Ma)± lo — -- — 9.11 ±0.07
Notes: Oxides in wt.%, trace elements in ppm, * Total Fe expressed as FegOg, * XRF, INAA
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A ppendix A  K eres Gronp M ajor and Trace Elem ent Abundances
SSMM5 SSMM6 SM2 NCP2 BP2
Classification trachyandesite trachyandesite trachyandesite trachyandesite basalt
Geochemical Group 9.4-7.9 9.4-7.9 9.4-7.9 9.4-7.9 9.8-85
Latitude (N) 35°43'36" 35°4328" 35°45'50" 35°4535" 35°46'07"
Longitude (W) 106°22'55" 106°22'52" 106°23'39" 106°22'32" 106°21'48"
SiOg 57.1 57.1 58.9 58.4 483
AlgOg 17.0 17.0 16.5 15.8 16.1
TiOg 1.5 1.5 1.1 1.1 1.8
FegOg* 7.3 7.3 6.5 63 10.5
MgO 1.6 1.6 33 33 5.9
CaO 5.0 5.0 5.7 5.0 10.0
NagO 4.8 4.8 4.1 3.9 3.5
KgO 2.8 2.8 23 3.0 1.4
MnO 0.084 0.084 0.098 0.097 0.162
P A 0.52 0.52 0.42 0.41 0.79
%LOI 1.66 2.03 0.83 1.67 1.08
Total 99.4 99.7 100.0 98.7 99.6
Kb* 51 51 47 57 17
Sr* 726 726 838 813 1183
Y* 27 27 19 23 30
Zr* 343 343 216 273 216
Nb* 40 40 24 31 34
Ba** 988 1261 1216 1242 962
Sc** 12.8 5.7 133 11.6 26.7
Cr** 12.8 <2.6 533 47.8 1023
Ni* 14 8 37 33 70
Cs** 1.6 1.9 2.1 1.7 <0.4
La** 56 56 44 56 65
Ce** 98 95 76 94 110
Nd** 38 36 28 40 49
Sm** 6.7 5.7 5.4 6.6 9.0
Eu** 2.0 1.4 1.5 1.6 2.6
Tb** 0.9 0.8 0.7 0.9 1.0
Yb** 2.5 2.1 1.6 2.0 2.6
Lu** 0.4 0.3 03 0.3 0.3
H f* 7.4 73 53 63 4.9
Ta** 3.1 2.4 1.9 2.4 2.5
Pb* 15 18 16 17 11
Th** 11.0 11.0 7.3 10.1 8.1
U** 4.0 3.9 2.5 4.0 1.8
*^Sr/^Sr±2(T — — — —
-- - - - -
— -- -- - -
Age (Ma) ± la — — — — “
Notes: Oxides in wt.%, trace elements in ppm, * Total Fe expressed as FcgOg, * XRF, ** INAA
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BP3 ECPl ECP3 PCal
Classification trachyandesite basaltic trachyandesite trachyandesite trachyandesite
Geochemical Group 9.4-7.9 9.4-7.9 9.4-7.9 9.4-79
Latitude (N) 35°45'58" 35°44T5" 35°4438" 3S°45'15"
Longitude (W) 106°21'52" 106°22'05'' 106°22T1" 106°23"21"
SiOg 61.7 61.7 58.4 62.3
AlgOg 16.4 16.4 16.7 16.5
TiOg 0.9 0.9 1.1 0.8
FOgOg* 5.0 5.0 6.1 4.5
MgO 2.1 2.1 3.0 1.8
CaO 4.1 4.1 5.6 42
NagO 4.4 4.4 3.9 3.6
KgO 3.3 3.3 2.4 3.4
MnO 0.095 0.095 0.092 0.081
P A 0.33 0.33 0.38 026
%LOI 0.89 0.98 2.04 2.05
Total 99.3 99.4 99.9 99.6
Rb* 58 58 43 74
Sr* 691 691 816 714
Y* 25 25 21 18
Zr* 316 316 242 223
Nb* 33 33 26 21
Ba** 1333 1176 1225 1173
Sc** 9.6 11.6 122 5.6
Cr** 10.2 43.9 26.6 24.6
Ni* 13 35 26 10
Cs** 1.7 1.6 1.5 3.7
La** 59 59 46 43
Ce** 98 101 73 70
Nd** 40 35 87 <19.5
Sm** 6.1 7.4 5.5 3.8
Eu** 1.6 1.8 1.5 1.0
Tb** 0.9 0.7 0.8 0.5
Yb** 2.6 2.1 22 1.3
Lu** 0.4 0.4 0.3 0.3
H f* 7.1 7.0 5.2 4.6
Ta** 2.6 2.4 2.1 2.3
Pb* 17 15 17 16
Th** 12.5 11.3 8.0 13.8
U** 4.7 3.4 2.0 5.2
"S r/^S r± 2 a 0.704437 ± 9 0.704377 ± 9 — —
0.512596 ± 5 0.512580 ± 4 - -
-0.82 -1.13 -
Age (Ma)± lo 8.86 ± 0.14 8.37 ± 021 — —
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FegOg, * XRF, ** INAA
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A ppendix A  K eres G roup M ajor and Trace Elem ent A bundances
SPD Tkal Tkpal Tkpa2 Tkhal
Classification trachyandesite dacite trachyandesite trachydacite trachydacite
Geochemical Group 9.4-79 9.4-79 9.4-7.9 9.4-79 9.4-7.9
Latitude (N) 35°45'26" 35°4623" 35°4633" 35°4716" 35°46'41"
Longitude (W) 106°22'09" 1M°25'05" 106°20'54" 106°22'47" 106°25'23''
SiOg 60.6 61.4 59.1 63.8 63.4
AlgDg 16.2 16.3 16.8 15.9 16.4
TiOg 0.9 0.9 1.1 0.7 0.8
FegOg* 5.5 5.0 6.1 4.5 4.7
MgO 2.6 22 2.3 1.8 12
CaO 5.0 4.6 5.1 3.9 3.9
NagO 4.1 3.8 4.5 42 4.4
KgO 2.7 3.1 2.9 32 3.1
MnO 0.089 0.085 0.106 0.077 0.074
PgOg 0.37 0.31 0.45 026 029
%LOI 1.08 1.89 0.59 0.54 125
Total 99.1 99.7 99.0 98.9 99.5
Rb* 48 61 61 62 60
Sr* 795 754 941 660 708
Y* 21 19 25 24 29
Zr* 243 233 275 275 261
Nb* 24 22 32 26 25
Ba** 1135 1329 1270 1322 1418
Sc** 10.4 9.4 11.4 9.4 9.4
Cr** 25.5 22.5 12.0 20.3 17.4
Ni* 22 20 12 22 20
Cs** 1.4 1.6 1.4 1.4 0.9
La** 47 55 60 54 60
Ce** 79 89 106 91 94
Nd** 13 26 42 32 40
Sm** 5.7 5.9 6.7 6.1 7.0
Eu** 1.5 1.6 1.9 12 1.7
Tb** 0.6 0.8 0.8 0.8 1.0
Yb** 2.0 2.3 2.5 22 2.7
Lu** 0.3 0.3 0.3 0.3 0.3
H f* 5.5 6.6 6.9 6.8 62
Ta** 1.9 1.8 2.1 1.9 1.8
Pb* 17 20 15 19 18
Th** 8.3 9.9 11.7 10.3 9.9
U** 2.9 3.3 3.8 3.5 2.9
^Sr/^Sr±2(r 0.704398 ± 9 — — — - -
0.512572 ±5 - — - -
N̂d -129 — - — —
Age (Ma)± la 8.98 ±0.10 7.86 ±0.14 — — —
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FcgOg, * XRF, ** INAA
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A ppendix A  K eres Group M ajor and Trace E lem ent A bundances
Tkoal Tkoa2 Teal Tca2
Classificatitm trachydacite tiachyandesite trachyandesite trachyandesite
Geochemical Group 9.4-7.9 9.4-7.9 9.4-79 9.4-7.9
Latitude (N) 35°4636" 35°4710" 35°46'47" 35°46'48"
Longitude (W) 106°2T43" 106°2422" 106°35'57" 106°32'51"
SiOg 63.6 572 59.7 58.7
AlgOg 16.1 16.4 16.8 16.5
TiOg 0.8 1.1 1.0 1.0
FegOg* 4.6 6.7 6.0 62
MgO 1.5 3.4 2.8 3.0
CaO 3.9 6.1 5.5 5.6
NagO 4.4 4.3 4.0 4.1
KgO 3.1 2.7 2.6 2.3
MnO 0.075 0.098 0.094 0.094
PgO; 028 0.54 0.39 028
%LOI 0.84 1.03 0.98 0.87
Total 99.1 99.5 99.9 98.9
Rb* 61 37 47 44
Sr* 684 1239 810 804
Y* 26 37 26 22
Zr* 268 278 239 226
Nb* 25 30 24 23
Ba** 1402 1502 1104 1078
Sc * 8.6 13.4 12.1 12.9
Cr** 16.6 42.1 162 182
Ni* 14 52 20 25
Cs** 1.4 1.0 1.4 12
La** 41 107 52 45
Ce** 63 135 86 80
Nd** 18 73 27 30
Sm** 4.9 12.3 6.5 5.5
Eu** 1.4 2.5 1.7 1.6
Tb** 0.6 1.4 0.8 0.6
Yb** 1.5 32 2.5 2.1
Lu** 02 0.4 0.3 02
H f* 4.6 62 5.5 5.2
Ta** 1.6 2.0 1.6 1.8
Pb* 17 19 16 16
Th** 7.7 9.9 9.0 7.2
U** 3.3 3.0 3.1 1.9
*^Sr/*Sr±2o 0.704003 ± 11 — - 0.704439 ± 11
'* S ld /'^ d ± 2 o 0.512617 ±5 - - 0.512530 ±4
-0.41 - - -2.11
Age (Ma)± lo 9.35 ±0.13 — — 8.78 ±0.14
Notes: Oxides in wt.%, trace elements in ppm, * Total Fe expressed as FcgOg, * XRF, ** INA
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A ppendix A  K eres G ronp M ajor and Trace Elem ent Abundances
Tca3 Tca4 Tpa5 Tca6
Classification trachyandesite trachyandesite basaltic trachyandesite trachyandesite
Geochemical Group 9.4-7.9 9.4-79 9.4-7.9 94-7.9
Latitude (N) 35°46'54" 35°46'45" 35°4T00" 35°4T18"
Longitude (W) 106°33'04'' 106°3320" 106°3325" 106°33'48"
SiOg 58.9 59.4 52.9 59.6
AlgOg 16.8 16.5 18.1 17.0
TiOg 1.2 1.0 1.4 1.1
FegOg* 6.4 62 8.5 6.3
MgO 2 2 3.0 3.2 2.1
CaO 5.2 5.6 7.7 5.4
NagO 4.5 4.0 4.1 4.2
KgO 2.7 2.7 1.7 2.5
MnO 0.098 0.094 0.134 0.094
PgO; 0.48 0.38 0.60 0.38
%LOI 1.00 0.68 1.07 1.18
Total 99.5 99.6 99.5 99.9
Rb* 52 45 18 47
Sr* 807 806 1182 808
Y* 31 24 26 21
Zr* 310 225 221 230
Nb* 33 23 31 23
Ba** 1372 1220 1114 1339
Sc** 13.0 13.1 182 13.5
Cr** 23.6 21.3 29.4 21.6
Ni* 21 27 28 26
Cs** 1.6 1.1 <0.4 1.0
La** 62 48 64 48
Ce** 100 79 105 81
Nd** 42 21 39 30
Sm** 7.3 5.4 7.1 6.1
Eu** 2.1 1.6 22 1.8
Tb** 0.8 0.7 0.9 0.7
Yb** 2.9 1.9 1.9 1.8
Lu** 0.4 0.3 0.3 0.3
H f* 6.9 5.5 5.2 5.5
Ta** 2.3 1.6 2.0 1.7
Pb* 16 16 13 15
Th** 10.7 7.7 9.8 7.9
U** 4 2 1.7 3.3 2.5
*^Sr/^Sr±2(r ” — 0.704130 ± 11 —
- - 0.512647 ±4 -
Gn(J - - ±0.18 -
Age (Ma)± lo — “ 9.44 ±0.21 —
Notes: Oxides in wt.%, trace elements in ppm, Total Fe expressed as FcgOg, * XRF, ** INAA
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A ppendix A  K eres G ronp M ajor and Trace Elem ent Abundances
Teas Tca9 TcalO T call Tcal2
Classification trachydacite trachydacite tiachyandesite trachyandesite trachyandesite
Geochemical Gmtq; 9.4-7.9 94-7.9 9.4-7.9 9.4-7.9 9.4-79
Latitude (N) 35°44"26" 35°44"24" 35°40'11" 35°44"09" 35°43'51"
Lmigitude (W) 106°3y00" 106°3537" 106°3139" 106°33'43" 106°34'04"
SiOg 64.7 63.0 62.4 58.6 61.3
AlgOg 16.4 16.5 16.6 16.1 16.4
TiOg 0.7 0.8 0.9 1.1 0.9
FegOg* 3.5 4.4 5.1 6.4 5.3
MgO 0.8 1.8 1.6 3.1 22
CaO 2.5 4.0 4.4 5.5 4.6
NagO 5 J 4.0 4.4 4.3 42
KgO 3.4 3.4 2.8 2.9 3.0
MnO 0.091 0.087 0.071 0.115 0.091
PgO, 0.24 025 0.40 0.44 0.36
%LOI 0.59 1.75 124 0.80 0.69
Total 98.3 99.8 99.9 992 99.1
Rb* 69 52 53 54 53
Sr* 524 681 717 903 767
Y* 36 22 27 28 26
a * 403 257 214 265 245
Nb* 45 25 20 28 24
Ba** 1869 1629 1686 1249 1324
Sc* 7.2 8.7 10.1 12.8 10.7
Cr** 2.4 12.6 <3.9 92.9 24.1
Ni* 5 12 4 78 19
Cs** 1.8 2.0 1.4 1.0 1.3
La** 73 47 51 67 73
Ce** 113 83 85 103 118
Nd** 53 34 31 26 63
Sm** 8.0 5.4 6.5 6.7 7.4
Eu** 22 1.5 1.8 1.9 1.9
Tb** 0.9 0.6 0.8 0.9 0.8
Yb** 3.4 1.8 2.5 2.1 2.6
Lu** 0.5 0.3 0.3 0.3 0.4
Hf** 8.9 6.1 5.3 6.1 7.1
Ta** 3.0 1.8 1.5 2.1 22
Pb* 19 18 17 15 18
Th** 13.7 82 8.3 9.8 12.4
U** 4.7 2.4 2.8 2.9 4.3
"^Sr/^SriZo — — — 0.704470 ± 11 0.704556 ± 10
"^d /'* W d ± 2 a - - - 0.512554 ± 4 0.512574 ± 5
ËNd - ~ - -1.64 -125
Age (Ma) ± Ict — — .. 8.91 ± 0.06 8.90 ± 0.70
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FegOg, * XRF, ** INAA
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A ppendix A  K eres Gronp M ajor and Trace Elem ent A bundances
Tcal3 Tcal4 Tcal5
Classification traclyandesite tiachyandesite trachyandeshe
Geochemical Group 9.4-7.9 9.4-7.9 9.4-7.9
Latitude (N) 35°43'40" 35°4331" 35°43T7"
Longitude (W) 106°34T4" 106°34'58" 106°3524"
SiOg 57.5 59.8 60.3
AlgOg 16.0 16.5 16.4
TiOg 1.0 1.0 1.0
FegOg* 6.5 5.9 5.9
MgO 4.2 22 2.3
CaO 5.8 5.0 5.1
NagO 3.9 4.4 4.4
KgO 2.5 3.0 3.0
MmO 0.101 0.102 0.099
P A 0.42 0.42 0.44
%LOI 132 0.77 0.56
Total 99.4 99.1 99.5
Rb* 47 60 60
St* 902 884 871
Y* 23 26 26
Zr* 243 292 294
Nb* 26 31 31
Ba** 1817 1512 1505
Sc** 13.7 12.0 11.7
Cr** 102.5 32.6 332
Ni* 77 27 26
Cs** 1.6 1.3 0.9
La** 56 62 62
Ce** 96 103 103
Nd** 44 35 32
Sm** 6.3 6.7 7.7
Eu** 1.8 1.8 1.7
Tb** 1.0 0.7 0.7
Yb** 2.1 2.3 2.3
Lu** 0.3 0.3 03
Hf** 5.9 7.0 6.4
Ta** 1.8 2.1 2.1
Pb* 15 22 17
Th** 9.1 122 11.4
U** 2.8 42 4.3
"^Sr/^Sr±2o — — —
'^ ^ d / '^ d ± 2 a -- - -
N̂d - -- “
Age (Ma) ± la — 829 ±0.15 —
Notes: Oxides in wt.%, trace elements in ppm, * Total Fe expressed as FcgOg, * XRF, ** INAA
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^ p e n d ix  A  K eres G roup M ajor and Trace Elem ent Abundances
Tsb3 Tsb4 Tsb5
Classification trachybasah basaltic trachyandesite trachybasah
Geochemical Group 9.8-8.5 9.8-85 9.8-85
Latitude (N) 35°46"08" 35°4736" 35°45'18"
Longitude (W) 106°36'09'' 106°32'35" 106°36'45"
SiOg 48.8 53.7 49.4
AI3 O3 17.3 16.6 172
TiOg 1.7 1.3 1.7
FegOg* 1 0 . 0 7.1 1 0 . 0
MgO 3.8 4.4 4.0
CaO 8 . 8 72 8 . 6
NagO 4.0 3.9 4.0
KgO 1.5 2 . 1 1.5
MnO 0.160 0.125 0.160
P A 0 . 6 8 0.51 0 . 6 8
%LOI 1.38 2 2 2 1.38
Total 98.0 992 98.6
Rh* 2 1 31 2 1
Sr* 1082 1134 1063
Y* 30 2 2 35
Zr* 216 2 0 2 223
Nb* 30 27 31
Ba** 935 1187 815
Sc * 23.1 18.6 22.4
Cr** 15.1 86.7 <4.9
Ni* 26 62 25
Cs** <0.4 0 . 6 <0.4
La** 60 55 65
Ce** 108 95 107
Nd** 40 30 45
Sm** 8 . 1 6.7 9.1
Eu** 2.5 1.9 2.5
Tb** 1 . 2 0.7 1 . 1
Yb** 2 . 8 2 . 0 2.4
Lu** 0.4 0.3 0.4
Hf** 4.9 4.9 4.7
Ta** 1 . 8 1.7 2 . 2
Pb* 1 1 15 1 0
Th** 7.1 7.0 6.9
U** 3.0 2 . 1 2 . 6
*^Sr/*Sr±2 o 0.704123 ± 7 - —
"^d /'**N d± 2 o 0.512634 ± 4 —
ËNd -0.08 - -
Age (Ma)± lo 8.95 ± 0.21 — "
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FegOg, * XRF, ** INAA
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A fpend ix A  K eres Group M ajor and Trace Elem ent A bundances
Tcb6 Tkbl BMfl-2 BMF2 SBD
Classification basaltic trachyandesite trachyandesite basalt basalt basalt
Geochemical Gnaq) 9.R-8.5 9.4-7.9 98-8.5 9.8-8.5 12.4-10.5
Latitude (N) 35°44'24'' 35°46'38" 35°40.0" 35°40.0' 35°3T32"
Longitude (W) 106°35'41" 106°21'42" 106°36.3' 106°36.5' 106°36"24"
SiOg 52.4 58.4 50.8 51.1 52.4
AlgOg 18.4 16.9 15.7 15.9 16.8
TiOg 1 . 6 1 . 1 1.5 1.5 1.5
FegOg* 8.4 6 . 2 10.5 10.4 9.1
MgO 2.4 2 . 8 6.7 6 . 1 4.4
CaO 7.7 5.3 92 9.3 8 . 0
NagO 4.5 4.2 3.3 3.4 3.9
KgO 1.9 2.9 1 . 1 1 . 1 1.7
MnO 0 . 1 2 2 0.103 0.152 0.151 0.138
P A 0.75 0.46 0.36 038 0.53
%LOI 1.33 1.08 0.57 0.34 2.38
Total 99.5 99.4 99.9 99.7 1 0 0 . 8
Rb* 23 58 16 19 27
Sr* 1345 974 792 808 996
Y* 27 25 26 27 28
Zr* 234 278 145 150 206
Nb* 36 32 15 16 26
Ba** 1154 1 2 1 1 857 734 394
Sc** 16.6 1 1 . 8 26.5 25.9 29.8
Cr** 4.0 13.4 264.4 219.8 211.7
Ni* 1 2 1 2 114 94 82
Cs** <0.3 1.9 0.4 0.4 1.4
La** 70 58 33 34 2 1
Ce** 117 1 0 2 65 64 39
Nd** 39 29 24 2 2 <20.7
Sm** 8 . 0 7.1 6.7 6.9 5.0
Eu** 2.4 1.9 1.9 1.9 1 . 6
Tb** 0 . 8 0.7 0.7 0 . 8 0.7
Yb** 2.5 23 2.4 2.5 2 . 2
Lu** 0.3 0.4 0.3 0.3 03
H f* 5.3 6 . 1 3.4 3.6 2 . 6
Ta** 2 . 1 2.4 1.3 1.4 0 . 8
Pb* 13 17 9 9 4
Th** 10.3 1 1 . 0 2 . 8 32 1.3
U** 3.1 3.7 <1.3 <1.4 < 1 . 1
*^Sr/^Sr±2 o — — - - 0.704287 ± 11
- ” - - 0.512657 ±4
Gn<j - - ” 037
Age (Ma)± lo — — — — 10.96 ± 029
Notes: Oxides in wt.%, trace elements in ppm, * Total Fe expressed as FegOg, * XRF, ** INAA
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A ppendix A  K eres Gronp M ajor and Trace Elem ent Abundances
BMl BM2 BM3 BPl WBMF
Classification basalt basalt basalt basalt basalt
Geochemical Group 9.8-85 9.8-85 9.8-85 9.8-85 9.8-85
Latitude (N) 35°39.9" 35°39.6' 35°39.1' 35°45'58" 35°39.5'
Longitude (W) 106°35.6' 106°35.0' 106°352' 106°21'57" 106°35.8'
SiOg 50.7 51.1 51.0 48.0 49.5
AlgOg 15.8 15.9 15.6 163 16.0
TiOg 1.5 1.5 1.5 1.9 1.7
FegOg* 10.4 10.4 10.5 1 0 . 6 1 0 . 6
MgO 6.5 6 . 2 6 . 8 5.3 6 . 0
CaO 9.2 9.3 9.1 9.8 9.4
NagO 3.3 3.5 3.4 3.3 33
KgO 1 . 1 1 . 2 1 . 1 1.4 13
MnO 0.148 0.148 0.149 0.162 0.156
P A 0.38 037 0.35 0.81 0.58
%LOI 0.52 024 030 227 0.46
Total 99.6 99.7 99.9 99.8 99.0
Rb* 15 17 17 17 17
Sr* 802 791 778 1183 980
Y* 26 29 29 32 30
Z f 150 151 145 2 2 0 183
Nb* 16 15 15 35 25
Ba** 750 759 876 853 763
Sc** 26.0 26.4 26.0 27.1 25.6
Cr** 221.4 2 0 2 . 1 271.1 922 2 2 1 2
Ni* 96 84 115 71 92
Cs** 0 . 6 <0.4 <0.4 <0.3 0.5
La** 34 34 35 67 33
Ce** 64 63 62 1 1 2 6 6
Nd** 35 <24.8 27 54 29
Sm** 6.9 6 . 8 6 . 8 9.8 6.7
Eu** 1.9 1.9 2 . 0 2 . 6 1.9
Tb** 0 . 8 0 . 8 0.9 0.9 0 . 8
Yb** 2.4 2.5 2 2 2.5 2 . 0
Lu** 0.4 0.3 0.3 0.4 0.3
H f* 3.5 4.0 4.0 5.0 3.8
Ta** 1.3 1.3 13 2.3 1.5
Pb* 9 7 1 0 1 0 9
Th** 2.7 2 . 8 3.0 7.8 2.9
U** <1.5 <1.4 <1.4 2 . 6 <1.5
* ^ S r /^ ± 2 o 0.705151 ± 9 — - - -
' ^ d / ' ^ d ± 2 o 0.512460 ±4 - — - —
-3.47 - - - -
Age (Ma) ± lo 8.49 ±0.31 — — — 8.49 ±0.47
Notes; Oxides in wt.%, trace elements in ppm, * Total Fe expressed as FcgOg, * XRF, INAA
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A ppendix A  Polvadera G roup M ajor and Trace Elem ent Abundances
ERl ER3 ER4 ER6 ER7
Classification rhyolite rhyolite riyolite rhyolite rhyolite
Geochemical Groiq) - 2 . 2 - 2 2 - 2 . 2 2.5-2.1 6.5-7.1
Latitude (N) 36°04'06" 36°06'58" 36°05"07" 36°05'46" 36°01'58"
Longitude (W) 106°25'56" 106°25'47" 106°25'47" 106°24'13" 106°29"03"
SiOg 76.1 74.9 75.9 70.9 72.9
AlgOg 1 2 . 6 12.5 1 2 . 8 14.8 14.5
TiOg 0 . 1 0 . 1 0 . 1 0 2 0.3
FCgOg* 0 . 6 0 . 6 0 . 6 2 . 1 1.7
MgO 0 . 1 0 . 1 0 . 1 0 . 8 0.4
CaO 0.5 0.5 0.5 2 . 6 1.4
NagO 4.0 3.9 4.1 3.8 4.4
KgO 4.8 4.5 4.5 32 3.9
MhO 0.058 0.056 0.065 0.046 0.089
PgO, 0 . 0 2 0 . 0 2 0 . 0 2 0.09 0.08
%LOI 2.54 2.69 1.51 1.93 0.41
Total 101.3 99.9 1 0 0 2 1 0 0 . 6 1 0 0 . 1
Kb* 143 143 162 57 79
Sr* 15 1 2 8 372 243
Y* 2 0 19 23 1 2 25
Zr* 72 71 73 1 2 0 181
Nb* 47 47 53 7 26
Ba** <136 <80 <89 1300 1599
S c* 2 . 8 2.9 32 4.3 3.4
Cr** < 2 2 <2 . 1 <2.3 11.5 <3.0
Ni* 0 0 0 6 0
Cs** 42 4.3 5.1 1 . 8 1.7
La** 2 0 2 0 15 24 48
Ce** 39 41 33 40 81
Nd** 37 <12.7 <13.5 1 0 2 1
Sm** 3.0 3.1 3.2 2.7 5.4
Eu** 0 2 0 2 0 . 2 0 . 8 1 . 1
Tb** 0.5 0 . 6 0 . 6 0.4 0.7
Yb** 2.3 2 2 2.5 1 . 1 2.7
Lu** 0.3 0.4 0.4 0 2 0.4
H f* 3.4 32 3.6 3.5 5.3
Ta** 4.7 4.4 5.3 1 . 0 2 2
Pb* 26 27 28 2 2 2 1
Th** 17.3 17.5 13.5 3.2 1 0 2
U** 9.1 7.6 8.5 < 1 . 1 <1.4
*^Sr/^Sr±2 o - - 0.706691 ± 14 0.704995 ± 11 0.705232 ± 12
^ * ^ d / '^ d ± 2 o ~ - 0.512474 ± 4 0.512276 ± 5 0.512451 ± 5
- - - -320 -7.06 -3.65
Age (Ma) ± lo -- 2 2 1  ± 0 . 0 1 2.90 ± 0.70 7.1 ±0.5
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FcgOg, * XRF, ** INAA
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Appendix A  Polvadera Group Major and Trace Element Abundances
El Rechuelos Rhyolite (cont.1 Tschicmna Dacite
ER8 ER9A TDl TDIINC TD2 TD3
Classification rhyolite rhyolite dacite andésite dacite dacite
Geochemical Group 1.78-1.14 - 2 2 3.8-3.0 3.8-3.0 3.8-3.0 3.8-3.0
Latitude (N) 36°01"26" 36°02'56" 36°0520" 36°0520'' 36°05'43" 36°06'47"
Longitude (W) 106°28'28" 106°2523" 106°26'04" 106°26'04" 106°25'54" 106°25'08"
SiOg 73.4 77.6 63.8 58.7 63.8 65.3
AlgOg 13.8 1 2 . 8 15.3 162 14.5 15.8
TiOg 0 . 2 0 . 1 0 . 6 0 . 8 0 . 6 0 . 6
FegOg* 1.4 0 . 6 4.3 62 4.6 4.4
MgO 0.5 0 . 1 2 2 3.8 2 . 6 2 . 1
CaO 1 . 6 0.4 4.1 6 . 1 4.1 4.3
NagO 4.0 4.1 4.0 3.7 3.4 4.1
KgO 3.8 4.7 2 . 8 2.3 3.7 2 . 8
MnO 0.055 0.057 0.074 0.097 0.082 0.072
P A 0.05 0 . 0 1 0.28 0.42 0.33 0.28
%LOI 0.50 024 0.33 1.04 1.57 0.67
Total 992 100.7 97.7 99.3 99.3 100.4
Rb* 143 1 1 1 61 47 65 49
Sr* 2 0 131 602 852 593 631
Y* 47 36 2 2 2 1 2 0 15
Zr* 218 199 166 170 179 173
Nb* 70 48 19 2 0 2 2 16
Ba** <137.013 74 1113 1198 1248 1298
Sc * 1.9 2 . 8 8 . 8 13.5 9.2 8.5
Cr** <2.5 < 1 . 8 44.7 81.9 51.3 32.6
Ni* 0 2 35 55 41 2 2
Cs** 2 . 6 4.4 1.4 1.4 1.9 0.9
La** 63 18 47 47 51 40
Ce** 134 40 74 82 83 71
Nd** 39 1 0 2 1 50 2 2 18
Sm** 9.6 2 . 8 5.6 6 . 0 5.7 3.8
Eu** 0 . 2 0 2 1 2 1.7 1.3 1.3
Tb** 1.5 0 . 6 0 . 6 0 . 6 0.7 0 . 6
Yb** 5.0 1 . 8 1.9 1 . 6 1 . 8 1.3
Lu** 0.7 0.3 0.3 0.3 0.3 0 2
H f* 82 32 4.5 4.4 52 4.4
Ta** 5.1 4.4 2 2 1.5 2 . 0 1.5
Pb* 17 27 16 14 16 17
Th** 19.8 17.6 9.3 7.1 10.9 7.5
U** 5.7 8.7 2.9 2 . 6 3.0 2.3
^Sr/^& -± 2 o — — — — —
' ^ d / ' ^ d ± 2 o - - “ -- -- “
“ - - " - -
Age (Ma) ± la 1.18 ± 0.04 — -- - - -
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FcgOg, * XRF, ** INAA
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A ppendix A . Polvadera G roup M ajor and Trace Elem ent Abundances
TD4 TD5 TD6 TD7 TD8 TD9
Classification dacite dacite dacite dacite dacite dacite
Geochemical Groiq) 3.8-3.0 3.8-3.0 3 8 3 4 3 4 3 4 7.4-73 3 4 3 4
Latitude (N) 36°05'49" 36°07XX)" 36°06"48" 36*0531" 36°05'15" 36*04'58"
Longitude (W) 106°24'32" 106*2430" 106*2234" 106*3237" 106*32'57" 106°23'17"
SiOi 6 5 j 6&4 6 6 . 6 654 614 66.5
AI2O3 153 153 154 154 164 14J9
TiOz 0 . 6 0 . 6 0.5 0.7 0.9 0.5
FC2 O3* 4.2 43 3.9 3.9 5.6 3.5
MgO 2 . 1 2 . 1 1.9 1 . 1 2.7 1.5
CaO 4.1 4.2 3.9 3.6 5.0 3.1
Na20 4.1 4.1 4.1 4.3 3.9 3.5
K2 O 2 . 8 2 . 8 2.9 3.1 2.9 3.5
MnO 0  068 0.070 0 4 # 0.066 0491 0465
P2 O; 037 0  28 034 032 039 0  18
%LOI 0.43 2 . 0 0 0.71 &71 131 233
Total 99.5 10L4 lOOA 99.4 99.6 99.6
Rb* 51 50 50 61 62 65
Sr* 611 621 579 564 684 440
Y* 15 15 16 2 2 2 2 14
Zr* 178 175 167 276 216 173
Nb* 18 17 18 15 2 0 17
Ba** 1373 1271 1245 1679 1291 1360
Sc** 8 . 1 7.6 7.4 8.5 12.7 6.9
Cr** 30.9 323 29.2 143 263 2L9
Ni* 30 24 23 14 31 18
Cs** 0.7 1.3 1.1 0.7 1.7 1.5
La** 44 44 42 56 42 39
Ce** 73 73 69 90 77 70
Nd** 23 23 25 26 25 1 2
Snf* 4.6 4.9 4.4 5.9 5.6 4.3
Eu** 1.4 13 13 1 . 6 1.5 1 . 1
Tb** 0.5 0.4 0.5 0 . 8 0.7 0.5
Yb** 1.4 1.5 1.5 1 . 8 2.1 1.5
Lu** 0 . 2 03 03 0.3 0.3 03
Hf** 4.6 43 4.5 7.0 5.6 5.1
Ta** 1.5 1.7 1 . 8 1.3 1.9 2 . 0
Pb* 16 16 17 16 17 18
W * 7.7 8 . 1 9.3 7.9 8 . 1 9.9
U** 2.4 23 2.9 1 . 8 2.9 2.9
*^Sr/^Sr±2 (T — ~ — — — ..
i ^ d / ' ^ d ± 2 o ” - - ~ ~ -
Bÿid - “ - — - —
Age (Ma) ± 1er — — — - — —
Notes; Oxides in wt.%, trace elements in ppm, Total Fe expressed as Fe2Ü3, * XRF, ** INAA
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^ p en d ix  A. Polvadera Group Major and Trace Element Abundances
Tschicoma Dacite (cont.)
TDIO TD ll TD13 TD14 TD15
ClassiScatimi dacite dacite dacite dacite andésite
Geochemical Group 3 4 3 4 3 8 3 0 3.8-3.0 3.8-3.0 7.4-73
Latitude (N) 36*0530" 36*06*13" 36*1030" 36°10'41" 36*0137"
Longitude (W) 106*2331" 106*2319" 106*22'18" 106*22*12" 106°32'14"
SiOz 643 656 673 65 0 6L5
AizOa 154 14.7 144 143 173
TiOz 0 . 6 0 . 6 0.5 0.4 0 . 8
FezOz* 4.7 4.1 3.3 33 53
MgO 2.4 2 . 1 1.5 1 . 6 2.3
CaO 4.5 33 33 4.7 4.8
NazO 43 3.5 4.1 3.8 4.1
KzO 2 . 6 3.6 3.2 33 2.5
MnO 0.083 0.075 0.062 0  061 0483
PzO, 039 033 030 031 0.28
%LOI 033 167 135 2.97 L03
Total 99.7 99.5 1 0 0 0 99.7 99.9
Rb* 44 64 65 59 36
Sr* 675 487 484 508 724
Y* 17 16 13 14 19
Zr* 184 164 162 154 192
Nb* 18 19 17 16 19
Ba** 1279 1172 1333 1503 1466
Sc** 9.0 7.9 6 . 1 6 . 0 1L5
Cr** 434 44.0 184 2L0 293
Ni* 35 29 13 15 29
Cs** 1 . 0 2 . 1 1 . 6 1.4 0 . 6
La** 43 44 38 37 42
Ce** 73 75 67 64 73
Nd** 15 15 17 26 2 0
Sm** 4.8 5.0 3.7 3.6 4.9
Eu** 13 1.2 1 . 1 1.1 1.5
Tb** 0.5 0 . 6 0.5 0.4 0 . 6
Yb** 1.7 1.7 13 1.3 1 . 8
Lu** 0 . 2 03 03 03 0.3
HP* 4.6 4.7 4.4 4.0 5.1
Ta** 1 . 6 1 . 8 1 . 8 1.5 1 . 8
Pb* 16 19 18 18 19
It** 7.5 9.9 8 . 8 8 . 1 8 . 8
U** 1.4 2 . 6 4.1 3.1 2.9
" S n /^ r ± 2 o 0.704334 ±11 — 0.704498 ± 9 — —
" ^ d / ' ^ d ± 2 o 0.512536 ±4 — 0.512469 ± 4 — —
149 - -330 — —
Age (Ma)± lo 2.97 ±0.22 — 3.79 ±031 — —
Notes: Oxides in wt.%, trace clemmb in ppm. Total Fe eq»essed as FczOg, * XRF, ** INAA
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A ppendix A . Polvadera Group M ajor and Trace Elem ent A bundances
TD17A TD18 TD19 TD20 TD21
Classification dacite trachyandesite trachyandesite andésite dacite
Geochemical Group 34-3.0 7.4-7.2 7.4-73 7.4-7.2 3.8-3.0
Latitude (N) 36°02'09" 36°05"02" 36*00*02" 36*00*18" 36*02*04"
Longitude (W) 106°33'0g" 106*31*49" 106*31*41" 106*30*45" 106*2430"
SiOz 633 6L4 62.4 614 643
AlzOz 15.9 16.4 163 163 1 5 j
TiOz 0 . 6 0.9 0.9 0.9 0 . 6
FezPz* 4.2 5.9 5.5 5.6 43
MgO 2.0 2 . 6 2.3 2.9 2 . 0
CaO 4.8 53 4.7 5.2 4.0
NazO 3.9 4.0 4.1 34 3.9
KzO 2.9 2 . 8 3.1 2.9 2.9
MnO 0.072 0307 0.092 0.089 0.074
PzO; 034 0 30 036 032 0.27
%LOI 0.65 0.72 043 0.84 L78
Total 98.4 1003 99.9 10&4 99.4
Rb* 47 61 71 62 54
Sr* 616 704 749 776 621
Y* 16 2 1 23 2 0 15
Zr* 173 208 223 179 170
Nb* 17 2 0 23 2 1 17
Ba** 4673 1254 1205 1115 1355
Sc** 6.0 13.6 12.7 12.9 8 . 0
Cr** <3.0 28.5 263 363 324
Ni* 6 34 24 26 2 2
Cs** 2.4 1 . 1 1.7 23 1.4
La** 173 43 51 43 42
Ce** 239 81 93 77 73
Nd** 122 23 29 25 16
Sm** 103 5.5 63 5.4 4.9
Eu** 2.2 1 . 6 1.7 1.4 13
Tb** 1.0 0.7 0.7 0 . 8 0.5
Yb** 3.0 2 . 1 2 . 0 2 . 0 1.4
Lu** 0.4 0.3 03 0.3 03
HP* 10.5 54 6 . 0 5.0 43
Ta** 1.7 1 . 8 1.9 1.4 1 . 6
Pb* 20 Ï 6 19 19 17
It**  18.0 7.8 1 0 . 0 8 . 6 7.6
U** 2.7 3.3 2.9 2 . 6 2.4
" S r / ^ ± 2 o — — 0.705019 ± 10 —
— - 0.512455 ± 4 -
- - -3.57 -
Age (Ma) ± la — — 7.17±0.12 —
Notes: Oxides in wL%, trace elements in p^m. Total Fe e;q)ressed as Fe^O], * XRF, ** INAA
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
142
A ppendix A . Polvadem  Group M ajor and Trace Elem ent Abundance
TD22 TD23 TD24 TD25 TDX
Classification dacite dacite trachyandesite dacite dacite
Geochemical Group 3.8-3.0 3.8-3.0 7.4-73 3.8-3.0 3.8-3.0
Latitude (N) 36°02'53" 36°01"20" 36°01'13" 36°01'49" 36°12'10"
Longitude (W) 106°24'16" 106°20'45" 106°36X)4" 106°16"56" 106°25'40"
SiOz 65.7 65.8 6L9 65.4 64.0
AlzOg 153 153 16.2 16.6 153
TiOz 0 . 6 0.5 0.9 0 . 6 0.7
FezOz* 4.2 3.8 5.9 4.3 4.7
MgO 1.9 1.7 2.3 2 . 2 2.4
CaO 3.8 3.7 4.9 4.4 4.7
NazO 3.9 3.9 4.1 4.5 4.1
KzO 3.0 33 3.0 2 . 1 2 . 8
MnO 0.085 0.066 0300 0.072 0.077
PzO, 036 033 030 039 033
%LOI 1.44 2.05 074 037 L65
Total 100.3 1003 1003 1 0 0 . 8 1019
Rb* 54 6 6 6 8 2 0 45
Sr* 557 522 671 932 723
Y* 15 15 25 13 16
Zr* 173 169 214 130 187
Nb* 17 18 2 1 18 18
Ba** 1324 1165 1 0 1 1 1425 1343
Sc** 7.7 7.3 13.0 83 8.7
Cr** 28.4 25.9 443 29.6 40.1
Ni* 2 1 18 33 24 27
Cs** 1.3 1 . 8 13 <0.3 1 . 1
La** 42 40 53 44 45
Ce** 69 6 8 87 65 77
Nd** 2 0 <183 32 11 2 2
Sm** 4.5 4.5 6.3 43 5.1
Eu** 13 1 . 2 1.7 13 1.3
Tb** 0.5 0.3 0.9 0.5 0.7
Yb** 1.4 1 . 6 2 . 1 1 . 1 1.5
Lu** 03 03 0.3 03 03
HP* 4.7 4.8 5.6 3.5 4.7
Ta** 1.7 1.7 1 . 6 1.1 1.5
Pb* 17 18 16 18 16
Th** 7.9 9.0 9.4 83 6 . 6
U** 2.9 3.1 2 . 8 2.4 1.3
"S r/^S r±2o — — 0.704929 ± 11 — —
i* ^ d / '* ^ d ± 2 a - - 0.512524 ± 4 -
Gxd -- - -232 - -
Age (Ma) ± lo — — 7.43 ± 0.14 933 ± 036
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FczOg, * XRF, ** I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
143
^ p en d ix  A. Polvadera Group Major and Trace Element Abundance*
Lobato Basalt
LBl LB2 LB3 LB5
Classification basaltic andésite andésite basaltic andésite basaltic andésite
Geochemical Groiq; ~8 . 8 - 8 . 8 98-8.5 98-8.5
Latitude (N) 36°0638" 36°06'33" 36°10"40" 36°06"00"
Longitude (W) 106°30'29" 106°31"22" 106°21'58" 106°17'52"
SiOz 55.4 57.3 55.9 52.4
AlzOg 15.8 15.8 163 16.4
TiOz 1 . 1 1 . 0 1 . 0 1.3
FezO,* 8.3 7.5 7.5 1 0 . 0
MgO 6.4 4.9 5.0 5.9
CaO 73 6.5 7.1 9.0
NazO 3.5 3.8 3.9 3.4
KzO 1 . 8 2 . 0 1.5 1 . 0
MnO 0J35 0317 0320 0352
PzO; 030 031 0.43 032
%LOI 032 0.67 1.18 0.34
Total 1003 99.8 1003 1004
Rb* 32 40 19 15
SP 601 648 1174 546
Y* 2 2 25 2 2 24
&* 168 180 169 141
Nb* 18 18 16 13
Ba** 826 947 1351 569
Sc** 213 17.9 173 27.9
Cr** 242.1 180.6 953 1424
Ni* 125 98 69 62
Cs** 1 . 0 0.9 0 . 8 0.4
La** 31 42 53 2 1
Ce** 58 64 8 8 42
Nd** <153 25 24 13
Sm** 4.8 6 . 1 63 4.6
Eu** 1.5 1.5 1.7 1 . 6
Tb** 0.7 1 . 0 0.5 0 . 6
Yb** 2 . 1 2.4 2 . 1 2 . 0
Lu** 0.3 0.3 0.3 0.3
HP* 43 4.4 4.0 33
Ta** 1.5 13 1 . 1 1 . 1
Pb* 1 2 13 14 7
Th** 4.5 5.9 7.4 2.5
U** 2 . 1 1 . 6 2 . 0 <13
^^Sr/^Sr±2 o — ~ 0.704329 ± 10 —
'* ^ d / '^ d ± 2 o - - 0.512518 ±5 —
~ -- -234 -
Age (Ma) ± lo — - — —
Notes: Oxides in wt.%, trace elements in ppm, Total Fe expressed as FczOa, * XRF, * *  E
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^ p e n d ix  A . Polvadera G roup M ajor and Trace Elem ent Abundances
LB6 LB7 LB8 LB9
Classification basaltic trachyandesite basaltic andésite basaltic andésite basalt
Geochemical Group ~8 . 8 9.8-85 9.8-85 - 8  8
latitude (N) 36°06'10" 36°0631" 36°0632" 36°06'42"
Longitude (W) 106°1T57" 106°18'01'' 106°18"01" 106°1758"
SiOz 5L1 52.3 52.7 513
AI2 O3 16.5 16.6 16.5 14.7
TiOz 1.3 1.4 1.4 1 . 1
FezOz* 8.4 1 0 . 1 1 0 . 1 93
MgO 5.8 5.8 5.9 8.7
CaO 7.9 9.0 8.9 9.1
NazO 4.0 3.5 3.5 33
KzO 2 . 0 1 . 0 1 . 0 13
MnO 0323 0350 0351 0349
PzO, 0 59 030 031 032
%LOI 1.76 037 0.04 034
Total 99.4 1003 1003 99.6
Rb* 30 1 1 13 17
Sr* 1482 528 532 1075
Y* 2 2 24 25 2 2
Zr* 187 140 138 166
Nb* 26 1 1 1 2 28
Ba** 1370 418 564 915
Sc** 183 27.3 27.0 27.6
Cr** 75.9 152 8 15L7 4183
Ni* 1 0 2 71 67 192
Cs** 0.4 <0.338 <0.4 <0.4
La** 63 2 0 2 1 58
Ce** 1 1 2 40 37 90
Nd** 35 <213 <23.3 <23.9
SnP* 83 4.5 5.0 63
Eu** 23 1.5 1.5 1 . 8
Tb** 1 . 0 0.7 0 . 6 0.7
Yb** 2 . 1 2 . 0 2 . 2 2 . 2
Lu** 0.3 0.3 0.4 0.4
HP* 4.5 3.3 3.3 43
Ta** 1.7 1 . 0 1 . 0 1.4
Pb* 14 7 8 1 1
Th** 4.7 2.5 2 . 6 8 . 8
U** 1 . 6 <0 . 8 <0.9 2 . 6
" S r / ^ ± 2 o — ~ — 0.704301 ± 9
'^ d /'* * N d ± 2 a ~ ~ - 0.512583 ± 4
N̂d - - - -L07
Age (Ma) ± lo “ — — 8.77 ±0.19
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as FczOs, * XRF, ** INAA
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Appendix A . Polvadera G ronp M ajor and Trace Elem ent A bundance
LBIO LB ll LB12 LB13
Classification basaltic andésite basalt basalt andésite
Geochemical Group 12.4-10.5 9.8-85 ~8.8 9.8-85
Latitude (N) 36°06'51" 36°06'51" 36°0703" 36°1236"
Longitude (W) 106°1756" 106°1756" 106°17"56" 106°25'48"
SiOz 52.0 48.0 50.6 58.6
AlzOg 15.6 16.4 143 15.9
TiOz 1.3 1.5 1 . 1 0.9
FczOg* 9.7 1 1 . 1 8.9 6 . 6
MgO 7.3 5.7 9.0 4.3
CaO 9.0 1 1 . 0 8.7 6.3
N^O 3.4 3.3 3.1 3.9
KzO 1 . 1 0 . 6 1.4 2.3
MnO 0.150 0371 0340 0305
P2 O, 0.41 033 033 0.40
%LOI 0.04 2.09 132 1 . 0 0
Total 1 0 0 . 0 1003 993 1003
Rb* 14.80 6 17 33
Sr* 803.45 557 1062 756
Y* 23 29 2 2 19
Zr* 152 141 164 182
Nb* 2 0 11 27 2 1
Ba** 309 612 917 1297
Sc** 31 3L8 25.8 143
Cr** 178 185.9 44L6 104.2
Ni* 7K0 8 6 215 57
Cs** <0.4 <0.4 <0 . 2 0.9
La** 18 23 58 43
Ce** 35.9 38 90 74
Nd** 15 <14.9 28 2 2
Sm** 5 5.1 5.9 5.3
Eu** 2 1.7 1 . 8 1.5
Tb** 0 . 8 0 . 8 0 . 6 0.5
Yb** 23 2 . 6 1 . 8 1 . 8
Lu** 0.3 0.4 0.3 0.3
HP* 3.4 33 3.9 43
Ta** 1 . 0 0 . 6 1.5 1 . 6
Pb* 6 . 0 5 9 14
Th** 1.7 2 . 2 9.1 5.2
U** <13 <13 2.4 13
*^S r/^ r± 2 o 0.704032 ± 9 0.704020 ± 13 ~ 0.704371 ± 10
0.512679 ± 4 0.512650 ±5 - 0.512550 ± 4
Gfid 0.80 033 - -L72
Age (Ma) ± la 10.53 ±0.10 9.39 ± 034 “ 4.90 ± 0.70
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as Fe^Oz, * XRF, ** 1
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A ppendix A . Polvmderm Group M ajor and Trace E lem ent Abundances
LB14 LB15 LB16 LB17 LB18
Classification basalt basaltic andeshe basalt basalt basalt
Geochemical Group 9.S-8.5 - 8 . 8 9.8-85 9.8-85 9.8-85
Latitude (N) 36°08'50" 36°0636" 36°01'01" 36°0234" 36°02'13"
Longitude (W) 106°2538" 106°3236" 106°1717" 106°1434" 106°1439"
SiOz 503 54.3 50.0 493 49.7
AlzOg 15.7 15.9 16.7 LL6 163
TiOz 1.5 1 . 1 1.4 1.5 1.5
FczOz* 103 8.7 113 10.9 ILO
MgO 6.9 6.5 6.4 7.7 7.1
CaO 93 7.5 9.4 8.9 9.3
NazO 3.5 3.5 3.3 3.4 3.3
KzO 13 1 . 6 0 . 8 1 . 0 0 . 8
MhO 0.154 0336 0366 0357 0358
PzO; 0.42 031 038 0.43 0.34
%LOI 038 0.40 033 032 0.45
Total 1 0 0 . 1 99.9 1003 993 99.8
Rb* 15 25 1 1 9 9
Sr* 707 601 506 757 661
Y* 27 24 33 25 29
Zr* 165 168 136 145 136
Nb* 25 18 1 0 17 13
Ba** 652 863 383 484 499
Sc** 25.6 223 29.7 27.0 283
Cr** 27A0 260.1 193.9 305.1 2353
Ni* 138 138 87 138 116
Cs** <0.4 0.9 <0.4 <0.4 <0.4
La** 34 36 2 2 28 24
Ce** 54 60 40 52 44
Nd** <22.4 2 0 <24.5 <27.2 28
Sm** 6 . 1 5.4 5.1 5.9 5.2
Eu** 1.7 1 . 6 1.5 1 . 8 1.7
Tb** 0 . 6 0 . 6 0 . 8 0 . 6 0.7
Yb** 23 2 . 2 2.7 1.9 2 . 2
Lu** 0.3 0.3 0.4 0.4 0.3
HP* 4.0 43 3.3 4.1 3.1
Ta** 1 . 8 1.4 0 . 8 13 1 . 1
Pb* 8 1 2 5 6 6
Th** 33 5.0 1 . 6 23 1.9
U** <0.9 2.5 <1.3 <13 <13
*^Sr/^Sr±2 (T 0.704283 6  11 - — 0.704323 6  12 —
' ^ ^ d / '^ d ± 2 o 0.512699 6  4 - ~ 03125906 5 —
139 - ~ -0.94 -
Age (Ma) ± lo 7.71 6  0.18 — 9.806 0.80 9.826 038 —
Notes: Oxides in wt.%, trace elements in ppm. Total Fe expressed as Fe^Oz, * XRF, * ' INAA
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A ppendix A . Polvadera G roup M ajor and Trace Elem ent Abundances
LB19 LB20 LB21 LB22 LB23
Classification basaltic andésite basalt basalt basah basalt
Geochemical Group 9.8-8.5 9.8-85 9.8-85 9.8-85 9.8-85
Latitude (N) 36°02'19" 36°0132" 36°01'41" 36°0137" 36°01'52"
L«igitude(W) 106°1532" 106°15'40" 106°14'44" 106°14'12" 106°1325"
SiOz 523 50.9 48.6 49.4 48.4
AIjOz 163 16.1 153 15.6 15.7
TiOz 1 . 2 1.4 1.5 1 . 6 1 . 6
FezOz* 1 0 . 0 10.5 1 0 . 2 10.7 10.7
MgO 6 . 6 6.9 6 . 6 6.9 7.3
CaO 8 . 6 9.0 8.9 93 8.9
Nf^O 3.4 3.4 3.3 3.4 3.4
KzO 1 . 0 0.9 1 . 1 13 1 . 1
MnO 0.147 0353 0346 0355 0355
P A 036 030 039 0.43 0.41
%LOI 033 0.30 3.85 1.04 1.45
Total 99.8 99.7 99.7 99.6 993
Rb* 1 2 1 1 14 1 2 14
Sr* 554 608 647 788 695
Y* 23 26 23 23 25
Zr* 126 131 143 144 151
Nb* 1 1 1 2 14 16 16
Ba** 675 604 527 648 643
Sc** 263 25.6 24.7 26.5 25.6
Cr** 2113 224.3 2873 265.6 2693
M* 1 0 0 107 134 133 128
Cs** <0.4 <0.4 <0.5 <0.3 <0.4
La** 2 1 2 0 24 27 26
Ce** 40 36 48 55 50
Nd** 14 <203 <173 <19.0 <2 0 . 1
Sm** 43 3.8 4.7 5.1 53
Eu** 1.4 1.3 1 . 6 1 . 8 1.7
Tb** 0.5 0 . 6 0 . 6 0.7 0.9
Yb** 2.3 1.9 1 . 8 1 . 8 2 . 1
Lu** 0.3 0.3 03 0.3 03
HP* 33 2.9 33 3.5 3.5
Ta** 0.9 0 . 8 1 . 0 13 1 . 0
Pb* 7 8 7 9 6
Th** 3.0 23 2.4 2.7 2 . 6
U** <13 <13 <13 1 . 2 1 . 1
"Sr/^Sr6  2 a — — — — —
" ^ d / '* ^ d 6  2 o - - — ~ —
Gxd - - - “ -
Age (Ma) 6  lo — " — — —
Notes: Oxides in wt.%, trace elements in ppm, * Total Fe expressed as Fe^Oz, * XRF, *♦ INAA
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A ppendix A . B asalt in  Santa Fe Gronp M ajor and Trace E lem ent Abundances
BASl BAS2 BAS3
Classification foidite basaltic andésite —
Geochemical Group 15.4 15.4 15A
Latitude (N) 35°44'26" 35°4437" 35°43'47.5"
Longitude (W) 106°21T5" 106°21'11" 106°21'40.5"
SiOz 38.2 52.9 -
AlzOz 10.4 13.5 “
TiOz 2 . 1 2 . 6 -
FezOz* 1L4 10.3 -
MgO 153 4.7 -
CaO 13.6 7.2
NazO 1.9 3.4
KzO 0.4 1.3 -
MnO 0380 0330 -
PzO; 135 0.48 ““
%LOI 3.73 3.05 -
Total 983 99.5 —
Rb* 18 41 —
Sr* 1291 596 -
Y* 27 25
ZP 256 265 —
Nb* 6 6 25 —
Ba** 1067 508
Sc** 28.6 15.3 —
Cr** 6743 150 3 -
Ni* 388 1 1 0 —
Cs** 2.5 5.7 —
La** 104 32 -
Ce** 199 65 - -
Nd** 85 32 —
Sm** 16.4 8.4 —
Eu** 43 2.7 —
Tb** 1 . 0 1 . 0
Yb** 1.7 1.5 —
Lu** 03 03 —
HP* 5.8 6.5 —
Ta** 4.1 2 . 0
Pb* 9 5
Th** 173 3.7 —
U** 3.1 0.9 —
"^Sr/^Sr±2 o — —
- - - -
- - -
Age (Ma) ± lo — — 15.35 ±0.30
Notes: Oxides in wt.%, trace elements in ppm, Total Fe expressed as Fe^Oz, * XRF, ** INAA























Appendix B. ‘‘®Ar/^*Ar Geochronology of the Keres Group
BSP 7, plagiociase rhyolite, 18.83 mg, J  = 0.0007401 ± 0.5%
4 amu discrimination = 1.02386 ± 0.37%, 40/39^ = 0.0002 ± 150%, 36/37c = 
39/37c = 0.0007166 j= 4.77%
0.0002679 d: 2.52%,
step T(C) "A r ''A r *Ar ''A r "=Ar %*°Ar* Ca/K (*Ar*/*ATK) Age (Ma) lo
1 650 11.27 0.93 238 3.05 3468.4 6.3 4.0 19.7851 72.4849 9438 537
2 700 035 0.63 0.06 2.46 68.7 41.3 3.2 16.5584 10.6280 1434 036
3 800 0 . 2 1 L65 0.11 630 106.8 51.0 8 . 2 173420 83614 1 1 0 0 0.26
4 850 0.14 161 030 5.95 82.5 613 7.8 17.5250 7.7980 1038 032
5 890 033 1 . 6 8 030 5.99 76.6 65.6 7.9 18.1117 7.6308 1036 031
6 930 0.11 1.87 030 6.78 763 68.1 8.9 17.9022 6.9840 9.30 0.08
7 970 030 1.99 032 731 79 8 72.8 9.6 17.6207 73784 9.69 0.08
8 1010 0.11 1 . 8 8 0.11 6.97 783 68.6 9.2 17.4083 7.0284 936 0.09
9 1050 031 L67 030 6.55 783 68.3 8 . 6 16.4672 7.4621 9.94 037
1 0 1100 0.11 1 . 6 8 031 6  59 78.9 67.5 8.7 16.5248 7.3921 9.84 035
11 1150 030 139 0.09 5.48 653 72.0 7.2 163684 7.4938 9.98 0.09
1 2 1 2 2 0 0.09 130 0.08 4.77 56.0 7L9 6.3 163212 7.1963 9 58 030
13 1300 033 0.98 0.07 3.83 67.0 53.0 5.0 16.5040 8.1469 10 85 039
14 1400 0.28 130 030 4.04 116.5 35.6 5.3 17.6442 9.4246 1234 0 . 2 1
Cumulative %̂® Ar = 1 0 0 0 Total gas age = 13.62 0.08
No plateau age 
Isochron age = 8.65 0.35
T3
CD

































Appendix B. ‘*®Ar/**Ar Geochronology of the Keres Group 
BD 1, sanidine rhyolite, 12.39 mg, J  = 0.0007376 ± 0.5%
4 amu discrimination = 1.02034 ± 0.20%, 40/39^= 0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37c = 0.0007166 ± 4.77%
step T(C) *Ar :?Ar *Ar '^Ar "«Ar %'"Ar* %"*Ar,d Ca/K (^Ar*/"'ATK) Age (Ma) la
1 650 L74 035 0.47 10.64 6163 18.3 2 . 1 1.5543 10.5421 13.97 033
2 700 0  1 0 038 036 10.17 101.0 763 2 . 0 1.3008 7.0991 9.42 0.09
3 800 0  1 2 0.77 0.44 3234 259.6 89.4 6.4 13285 6.9933 938 0.06
4 850 0.08 0.70 0.44 32.65 250.1 93 8 6.4 1.0277 7.0409 935 0.06
5 900 0.07 0.69 031 3737 284.6 94.9 7.5 03718 7.0281 933 0.06
6 955 0.08 0.75 0.63 46.96 3503 95.5 93 0.7624 73K18 933 0.06
7 1 0 2 0 0.08 0.82 0.76 5534 416.0 95.8 ILO 0.7060 7.0779 939 0.06
8 1080 030 0 . 6 8 0.72 54.54 4103 94.8 1 0  8 0.5975 7.0560 937 0.06
9 1140 032 0.54 0.73 54.86 420.1 943 1 0 . 8 04691 73368 9.47 0.06
1 0 1 2 0 0 038 0.42 0.94 69.82 545.1 923 13.8 03910 73527 9.49 0.06
11 1260 0.27 033 1 . 0 1 73.47 600.0 88.3 143 03152 73708 932 0.06
1 2 1320 0.07 036 0.28 20.43 165.8 94.1 4.0 0.6100 73897 9.54 0.06
13 1400 0.07 030 0.09 731 69.1 88.0 
Cumulative %^Ar ̂ * 1  =
1.4 
1 0 0  0
13850 73621
Total gas age = 












































Appendix B. ‘*®Ar/̂ ®Ar Geochronology of the Keres Group 
BSP 3, plagiociase trachydacite, 11.61 mg, J  = 0.0007438 ± 0.5%
4 amu discrimination = 1.02034 ± 030%. 40/39%= 0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37c = 0.0007166 ± 4.77%
step T(C) *Ar "A r ^Ar '"Ar ""Ar %^Ar* % "'Ar,d Ca/K (^Ar*rAr%) Age (Ma) la
1 650 336 L03 0.71 3.86 1034.6 8.9 53 12.3715 23.8325 3130 1.54
2 725 033 1 . 0 0 0.11 4.50 1223 24.3 6 . 1 103770 63663 839 031
3 800 0 13 1.54 0.11 6.95 80.5 59.5 9.4 103393 6.3359 8.48 0.08
4 850 0.09 1.46 031 6.67 66.9 69.1 9.0 10.1044 63693 839 0.09
5 900 0.08 L49 0.09 6.80 653 763 93 10.1269 6.5882 8.82 0.07
6 955 0.09 138 033 7.81 733 72.3 10.6 10.5367 6.1809 838 0.06
7 1 0 2 0 0.10 1.74 0.11 7.43 753 69.0 103 10.8441 63629 832 038
8 1090 032 1.40 030 6.09 75.0 60.0 83 10.6161 6.7433 9.03 0.09
9 1150 0 . 2 0 132 030 4.96 883 413 6.7 11.3980 6.8137 932 036
10 1200 031 137 031 439 98.6 44.0 63 12.7746 8.8420 1L83 038
11 1250 038 1 . 1 2 0.09 434 88.1 50.0 5.6 123330 9.8596 1338 0 . 2 0
12 1400 0.49 2.69 033 9.90 2323 483 13.4 12.5642 113015 1530 032
Cumulative %̂ ®Ar = 100.0 Total gas age - 1135 0.07
No plateau age 
Isochron age = 8.00




































Appendix B. ‘*®Ar/*®Ar Geochronology of the Keres Group 
SSMM 3, plagiociase rhyolite, 11.64 mg, J  = 0.00072565 ± 0.5%
4 amu discrimination = 1.02034 ± 0.20%, 40/39%= 0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37c = 0.0007166 ± 4.77%
step T(C) *Ar '^Ar 3*Ar ""Ar *«Ar %^Ar* Ca/K (*Ar'/3*ArK) Age (Ma) lo
1 650 6.60 0.75 137 3.06 21393 11.1 4.1 12.0554 773410 98 8 8 338
2 725 035 0 . 8 8 0.09 4.21 73.4 50.1 5.6 103520 7.9026 1032 035
3 800 0.09 137 0.09 6.63 69.5 75.3 8.9 10.1615 7.0893 936 0.09
4 850 0.08 1.44 0.10 6.80 64.6 81.4 9.1 10.4072 6.8935 9.00 032
5 900 0.06 139 031 735 66.7 88.3 9.7 10.7286 73613 9.48 035
6 955 0.08 1.95 033 838 783 80.4 11.5 11.1407 6.6740 8.72 031
7 1 0 2 0 0.09 1.99 033 8.99 833 79.6 1 2 . 0 10.8729 6.7492 8.81 0.07
8 1090 031 1.78 033 8.42 86.5 71.6 11.3 103544 6.7684 8.84 0.08
9 1150 032 138 030 638 76.4 64.4 8.4 93953 6.9350 9.06 032
10 1240 038 1.09 0.10 4.79 85.9 46.8 6.4 113299 7.4970 9.79 034
11 1310 039 0.73 0.07 3.43 77.1 35.8 4.6 103569 7.0993 937 033
1 2 1400 032 131 039 6.40 207.8 29.9
Cumulative %^Ar ̂  =
8 . 6  
1 0 0  0
103238 9.4184
Total gas age = 






























Appendix B. *Ar/*®Ar Geochronology of the Keres Group 
BSP 8 , sanidine rhyolite, 12.18 mg, J  = 0.0007475 ± 0.5%
4 amu discrimination = 1.02034 ± 0.20%, 40/39%= 0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37c = 0.0007166 ± 4.77%
Step T(C) "«Ar "Ar *Ar '̂ Ar "«Ar %^Ar* %"*Ar«* Ca/K (̂ Ar*/̂ Ar%) Age (Ma) Is
(O'
3" 1 650 2.54 037 0.77 18.49 915.4 19.6 3.5 0.4538 9.6591 12.98 035
i 2 725 0.34 0.26 034 21.46 213.3 55.4 4.0 0.5819 5.3542 731 0.06
3
CD 3 800 036 0.40 039 27.84 191.6 78.7 53 0.6947 53455 7.06 0.05
"n 4 850 0.08 041 037 27.43 162.6 89.3 5.1 07120 5.0884 6.85 0.04
3-
3"
5 900 0.06 0 39 0.43 31.85 178.0 93.9 6 . 0 0.5966 5.0669 6.82 0.05
CD
6 955 0.05 0.43 031 40.43 220.5 96.7 7.6 0.5153 53190 6.89 0.04
CD
■D 7 1 0 2 0 0.05 038 0.62 48.15 260.3 96.7 9.0 03755 53026 6.87 0.04
O
Q.c 8 1090 0.05 032 0.69 53.17 285.5 96.8 9.9 0.2939 5.0899 6.85 0.04
a 9 1150 0.04 0.28 0.78 63.95 339.4 99.2 1 2 . 0 0.2141 53688 6.96 0.04
3
■D
10 1240 0.06 031 1.47 110.87 584.0 98.4 20.7 03331 5.1361 6.91 0.04
O
3"





1 2 1400 0.06 031 034 26.53 153.0 96.8 5.0 03035 53038 7.00 0.04
Cumulative %̂ ®Ar , , ^ 1  = 1 0 0 0 Total gas age = 733 0.04
1—H
3" Plateau age = 6.92 0.04
Isochron age = 6.84 0.04
































Appendix B. ^Ar/**Ar Geochronology of the Keres Group 
Ted 4, plagiociase trachydacite, 14.92 mg, J  = 0.0007521 ± 0.5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39% = 0.0002 ± 150%, 36/37^ = 0.0002679 ± 2.52%, 
39/37ç. = 0.0007166 ± 4.77%
Step T(C) "«Ar ""Ar *Ar *Ar "("Ar %^Ar* % ^'A r,j Ca/K (^Ar*/^Ar%) Age (Ma) la
1 600 9.16 1.41 1.85 237 2972.6 11.5 2.6 11.1941 133.3827 172.47 4.91
2 700 0.60 2.67 038 535 2183 23.5 5.4 10.1555 93653 1233 035
3 775 0.30 3.72 0.14 7.71 141.2 54.9 7.8 93413 9.4509 12.78 030
4 855 0.26 433 038 10.05 140.5 54.7 10.2 9.7993 7.1749 9.71 0.08
5 935 033 534 038 10.70 138.6 59.6 10.9 93910 73349 9.79 0.09
6 1015 033 5.34 038 10 96 139.7 60.7 113 93935 73423 9.80 030
7 1090 038 4.66 031 9.78 145.7 51.0 9.9 9.7069 7.1356 9.66 0.08
8 1150 0 32 430 037 8.74 151.2 463 8.9 93582 7.4750 1031 0.10
9 1210 0.41 3.64 037 7.49 164.1 34.2 7.6 9.9274 7.0244 931 034
10 1310 033 530 033 10A2 222.9 36.1 10.6 10.1867 7.3038 9.88 0.09
11 1400 L05 739 0.40 14.60 411.4 29.0 14.8 103418 7.9746 10.79 030
Cumulative %^Ar = 100.0 Total gas age = 14.57 0.07
No plateau age 
Isochron age = 942 0.22
T3
(D





































Appendix B. ‘‘®Ar/^*Ar Geochronology of the Keres Group 
Tcd2, plagiociase trachyandesite, 14.46 mg, J  = 0.0007493 ± 0.5%
4 amu discrimination = 1.02386 ± 0.37%, 40/39% = 0.0002 d= 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37c= 0.0007166 ± 4.77%
Step T(C) *Ar :?Ar *Ar ^®Ar ^Ar %^Ar* %"®Ar,^ Ca/K (^Ar*rATK) Age (Ma) lo
1 575 47.60 039 1036 73.41 16001.0 143 25.1 0.4989 31.0156 4L45 130
2 625 537 0.64 1 . 6 8 43.63 2115.5 243 14.9 0.9120 11.7470 15.81 030
3 675 138 0.93 0.76 41.17 657.4 493 14.1 1.3963 7.8102 1053 031
4 725 0.42 137 0.67 4639 437.6 74.3 153 1.5688 6.9562 938 0.08
5 775 038 136 0.58 40.79 35L2 79.8 14.0 1.7541 6.7585 933 0.07
6 825 0 . 2 1 0.87 0 33 2333 2134 763 7.9 2.3253 6.8202 9.20 0.08
7 875 039 030 035 8.69 1103 56.6 3.0 3.5924 6.7317 9.08 030
8 940 034 037 031 4.95 99.5 32.7 1.7 4.6525 6.1103 8.24 033
9 1 0 0 0 038 0.28 030 3.08 98.9 17.8 1 . 1 5.6312 5.3139 7.17 036
1 0 1 1 0 0 0.28 0 35 030 1.95 90.9 1 2 . 2 0.7 11.2911 5.2916 7.14 0.49
1 1 1170 034 032 0.09 1.41 76.6 13.0 0.5 22.7973 6.3830 8.61 0.48
1 2 1400 0.61 2.07 038 3.84 2043 17.4 1.3 33.7077 8.8940 1198 035
Cumulative %^Ar ̂ « 1  = 1 0 0 0 Total gas age = 18.47 0.07
No plateau age 
Isochron age = 8  85 0 17































Appendix B. ‘‘®Ar/**Ar Geochronology of the Keres Group 
Tcd 8 , plagiociase trachyandesite, 16.88 mg, J  = 0.0007521 ± 0.5%
4 amu discrimination = 1.02212 ± 0.19%, 40/39% = 0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37c = 0.0007166 ± 4.77%
step T(C) *Ar ^^Ar ^Ar "®Ar «Ar %*®Ar* Ca/K (^Ar*/^'Ar%) Age (Ma) la
1 600 4.74 0.61 0.94 2.48 1535A 11.0 1.9 103411 68.8155 9104 7.72
2 650 039 0.70 0.07 2.87 704 36.1 2 . 2 10.1091 9.5362 12.89 036
3 700 0.10 1.04 0.08 4.46 603 60.6 3.4 9.6922 7.8426 10.61 033
4 855 035 5.49 034 23.74 1953 84.8 17.9 9.6623 6.8711 930 0.06
5 935 0.11 5.54 030 23.50 1810 903 17.8 9.8492 6.8185 933 0.06
6 1015 032 533 032 2231 182.3 87.7 17.2 9.5752 6.8703 930 0.07
7 1090 030 5.09 039 2137 170.5 903 16.5 9.7252 6.8392 936 0.06
8 1150 0.10 3.54 031 1434 115.9 84.9 10.7 10.4484 6.6570 9.01 0.06
9 1 2 1 0 0.07 1.60 0.09 6.48 633 79.7 4.9 10.3028 7.1000 9.61 0.08
10 1400 036 233 037 10.03 165.7 59.5




Total gas age = 
















































Appendix B. ^Ar/**Ar Geochronology of the Keres Group 
Tkbdl, plagiociase trachydacite, 15.69 mg, J  = 0.0007356 ± 0.5%
4 amu discrimmation = 1.02212 ± 0.19%, 40/39% = 0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37c = 0.0007166 ± 4.77%
step T(C) *Ar ""Ar "A r ^Ar *Ar %^Ar* %'®Ar,d Ca/K rAr*/"'Ar%) Age (Ma) l a
1 600 139 0.47 0.29 2.25 423.0 5.6 1.7 8.4888 10.4941 1337 1.31
2 670 0 . 2 0 0.84 0 1 0 4.43 893 40.3 3.3 7.7637 7.7957 1032 033
3 740 0.15 1.43 033 8.17 97.1 60.6 63 7.1920 6.9449 9 19 030
4 860 0.25 3.83 035 2234 223.0 7L8 173 6.9082 6.9442 939 0.06
5 925 0.08 3.54 0.27 19 8 6 153.8 913 15.0 73084 6.8889 932 0.06
6 990 0.07 337 035 18.20 138.0 93.4 133 73723 6.8790 933 0.08
7 1055 0.07 2.78 031 15.47 119.7 92.0 11.7 73647 6.8790 933 0.06
8 1 1 2 0 0.07 2.62 039 13.71 109.5 89.9 103 7.8488 6.8434 9.06 0.06
9 1190 0.07 237 035 1130 97.8 87.9 8.5 8.6761 73676 9.62 0.07
1 0 1295 0.09 1.44 030 6.74 73.6 753 5.1 8.7963 7.6245 1039 0.08
11 1345 0.07 1.11 0.07 4.69 54.8 79.7 3.5 9.7394 7.7540 1036 037
1 2 1400 0.07 1.30 0.07 5.03 59.2 77.9 




Total gas age = 








































Appendix B. '^Ar/^^Ar Geochronology of the Keres Group 
Tcal2, plagiociase trachyandesite, 12.99 mg, J  = 0.0007484 ± 0.5%
4 amu discrimination = î .02681 ± 0.18%, 40/39k = 0.0002 ± 150%, 36/3?ca = 0.0002679 ±  2.52%, 
39/3?ca =  0.0007166 ±  4.77%
step T(C) "A r "A r :'Ar *Ar *Ar %^Ar* Ca/K rAr*/^Ar%) Age (Ma) la
1 550 4.00 0.57 0.83 031 1296.0 11.4 0 . 8 19.4658 292.5115 35734 5.76
2 625 039 1 . 0 0 033 1.05 19A2 14.0 1.6 16.4408 24.9763 33.41 125
3 700 032 1.84 0.05 2 . 0 1 47.6 39.4 3.1 15.6958 7.5291 1034 036
4 775 0.08 3.28 030 3.68 453 69.6 5.7 15.3371 6.7859 934 033
5 855 0.08 5.63 030 6.29 61.6 81.8 9.7 15.4245 6.7971 933 0.09
6 935 0.09 8.72 033 9J29 803 8 6 . 8 143 16.1614 6.6609 8.97 0.08
7 1015 0.08 1L45 036 1133 90.8 94.0 17.8 17.0900 6.6624 8.97 0.08
8 1090 0.08 9 51 033 9.67 80.2 919 14.9 16.9279 6.7532 930 031
9 1150 0.08 4.63 0.08 5.06 522 8 8 . 8 7.8 15 7364 7.1671 9.65 0.08
1 0 1 2 1 0 0.07 2.47 0.05 273 38.7 81.7 4.2 15.5732 8.1415 10 96 024
11 1300 0.08 3.62 0.07 3.90 50 3 85.3 6 . 0 16.0041 8.5148 1146 032
1 2 1400 037 9.66 0.15 9.06 113.7 70.1




Total gas age = 
Plateau age = 
Isochron age =
1030



































Appendix B. '^Ar/^^Ar Geochronology of the Keres Group
Tea 14, plagiociase trachyandesite, 17.29 mg, J  = 0.0007297 ± 0.5%
4 amu discrimination = 1.02681 ±  0.18%, 40/39^ =  0.0002 ± 150%, 36/37ca = 0.0002679 ± 2.52%, 
39/3?ca = 0.0007166 ±  4.77%
step T(C) ^Ar "A r ^Ar ^Ar *Ar %^Ar* Ca/K (^Ar*/"'ArK) Age (Ma) l a
1 600 5.73 1.71 134 2.09 1779.7 7.5 2 . 1 15.1277 64.5720 8366 2.93
2 700 026 230 031 4.03 1 0 0  8 31.8 4.1 11.4846 72760 935 030
3 775 036 4.08 0.11 6.94 90.0 58.9 7.0 10.8505 6.8629 9.01 0.07
4 855 035 6.98 037 1L42 115.8 75.0 11.5 112954 7.0171 921 0.08
5 935 035 1062 023 1532 139.9 80.3 15.7 12.6478 6.7911 8.92 0.06
6 1015 035 1438 027 18A2 1553 84.0 18.6 142354 6.7049 8.81 0.07
7 1090 035 103W 0 . 2 1 1439 132.4 80.5 14.3 142577 7.0148 9.21 0.08
8 1150 037 5.99 033 8.32 1 0 0 2 66.8 8.4 13.3207 7.1698 9.41 0.08
9 1 2 1 0 027 321 032 4.54 1226 44.4 4.6 13.0747 103MT7 1439 033
1 0 1310 039 332 030 4.64 94.6 51.6 4.7 126230 9.0396 1166 036
1 1 1400 026 6.91 037 9.08 94.6 56.9




Total gas age = 







































Appendix B. ^A r/^A r Geochronology of the Keres Group
SPD, plagiociase trachyandesite, 13.49 mg, J  = 0.0007479 ± 0.5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39^ = 0.0002 ± 150%, 36/37ca = 
39/37ca =  0.0007166 ± 4.77%
0.0002679 ±2.52% ,
step T(C) "«Ar "A r 3'Ar ^Ar "«Ar %"®Ar* % At Ca/K rAi*/^Ar%) Age (Ma) lo
1 600 0.83 0.78 028 1.07 249.6 5.8 1.4 13.6317 13.1334 17.63 0.62
2 700 0.21 224 0.07 326 80.5 33.8 4.1 12.6978 7.6601 1021 026
3 775 022 3.48 0.10 5.03 942 40.4 6.5 12.9332 6.8195 928 020
4 855 024 5.94 028 8.03 145A 38.6 10.4 13.8312 6.5581 8.83 0.10
5 935 026 8.47 0.19 10 98 1409 55.3 142 14.4278 6.6445 8.94 0.08
6 1015 026 925 027 12.46 121.4 73.9 16.1 14.3403 6.6571 8.96 0.06
7 1090 024 8 67 028 1L46 110.1 77.6 14.8 14.1650 6.8270 929 0.06
8 1150 0.14 6.03 023 820 92.1 71.8 10.5 13.9281 72622 9.64 0.08
9 1210 025 3.92 0.09 5.51 80.5 63.8 7.1 13.3206 8.0254 10 80 026
10 1310 025 3.63 0.11 5.61 88.4 65.1 72 12.1018 8.6936 1L69 023
11 1400 026 3.97 0.10 6.08 94.1 64.3 




Total gas age = 








































Appendix B. Geochronology of the Keres Group
ECP 1, plagiociase basaltic trachyandesite, 16.17 mg, J  -  0.0007455 ± 0.5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39^ = 0.0002 ± 150%, 36/3?ca = 0,0002679 ±  2.52%, 
39/3?ca = 0.0007166 ± 4.77%
step T(C) ^Ar "A r '"Ar *Ar "A r %^Ar* Ca/K rAr*/^ATK) Age (Ma) lo
1 600 5.08 0.89 1.00 0.89 1649.3 11.6 1 2 182379 217.4084 270.99 4.68
2 700 0.97 257 023 2.72 3142 12.4 3.7 172947 13.9996 1873 0.73
3 775 025 434 0.09 4.62 73.7 53.6 62 17.0998 7.4791 1 0 2 2 0 2 0
4 855 0.14 257 023 7.96 90.1 6 8 . 6 10.7 17.3392 6.9902 928 0.07
5 935 0.14 1028 0.16 1 0 2 0 100.0 74.0 13.7 18.3853 6.6076 8.87 0.07
6 1015 024 10.36 025 9.97 98.8 752 13.4 18.9611 6.7884 922 0.08
7 1090 025 725 0.13 728 852 65.4 9.8 18.4142 6.8684 921 0.11
8 1150 027 5.85 0.10 5.82 852 57.9 7.8 182166 7.3677 9.88 023
9 1210 029 824 023 7.54 99.6 612 10.1 19.6852 72257 9.69 0.08
10 1310 0.23 9.08 026 8.94 1282 602 1 2 . 0 18.5291 7.7812 1044 0.08
11 1400 0.41 822 028 8.60 1822 42.3




Total gas age = 








































Appendix B. '*®Ar/̂ ^Ar Geochronology of the Keres Group
BP3, plagiociase trachyandesite, 16.32 mg, J  = 0.0007388 ± 0.5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39k = 0.0002 ±  150%, 36/3?ca =
39/37ca = 0.0007166 ± 4.77%
0.0002679 ±  2.52%,
step T(C) *Ar "A r *Ar ""Ar "®Ar %^Ar* Ca/K rAr*/^Ar%) Age (Ma) la
1 600 9.77 0.91 191 1.58 3133.4 10.4 1 . 1 10.4682 207.9999 257.89 5.84
2 700 0 2 1 1.80 024 3.73 177 9 20.9 2 . 6 82519 9.5061 12.63 027
3 775 0 . 2 0 2.87 0 2 1 6.29 1 0 2 2 52.3 4.5 82095 7.7461 1 0 2 0 024
4 855 027 4.91 028 10.98 121.9 6 8 . 2 7.8 82333 7.0174 923 0.07
5 935 025 7.50 0.24 16.74 149.7 81.1 1L9 8.1400 6.8228 9.07 0.06
6 1015 026 936 0 2 1 21.47 180.5 83.1 152 72237 6.6577 8.85 0.06
7 1090 024 8.95 0.29 2125 178.7 862 152 7.5479 6.8093 9.05 0.06
8 1150 026 6.69 0.23 17.27 165.1 8L9 1 2 2 7.0448 7.3244 9.74 0.07
9 1 2 1 0 0 2 1 4.80 029 13 05 117.6 85.4 92 6.6890 6.9714 927 0 2 2
1 0 1310 0.27 4.47 0 2 2 13 00 188.1 64.5 9.2 62486 8.7078 1127 0.09
1 1 1400 0.34 527 027 1527 241.3 65.4




Total gas age = 
No plateau age 
Isochron age =
12.77
1 2 2 2


































Appendix B. ^Ar/^^Ar Geochronology of the Keres Group
T call, plagiociase trachyandesite, 15.47 mg, J  = 0.0007320 ± 0.5%
4 amu discrimmation = 1.02681 ± 0.18%, 40/39k = 0.0002 ± 150%, 36/3?ca = 
39/37ça- 0.0007166 ± 4.77%
0.0002679 ±  2.52%,
step T(C) "A r :?Ar *Ar *Ar ^Ar %^Ar* Ca/K (*Ar*f*ATK) Age (Ma) lo
1 600 L55 0.99 0 2 2 224 506.5 13.0 1.4 82966 302784 3924 0.69
2 700 0 30 2.80 026 6.95 138.0 42.4 4.7 7.2606 7.9148 10.42 0  1 0
3 775 0.23 4.26 029 ILOl 1402 59.4 7.5 6.9525 72910 924 0.09
4 855 0.29 7.27 028 18A9 201.7 65.5 12.5 7.0694 6  8489 9.02 0.06
5 935 0 . 2 0 1L07 026 2666 230.2 81.8 18.1 7.4664 72757 1 0 2 1 0.07
6 1015 0.15 1320 029 2926 2312 90.0 2 0 . 0 7.9699 6.7888 8.94 0.06
7 1090 023 1 0 . 2 0 0.31 2 2 . 2 0 1792 88.4 15.1 82625 6.8185 8.98 0.06
8 1150 0.11 5.22 026 1126 105.4 84.3 7.6 82350 7.0681 921 0.06
9 1 2 1 0 0.08 228 0.08 5.02 59.6 83.1 3.4 82211 7.9780 1 0 2 1 027
1 0 1310 0 2 0 3.03 0 2 0 6.08 82.4 82.9 4.1 8.9753 92993 1227 0.09
11 1400 025 4.28 023 8.09 1032 69.7
Cumulative %^Ai ^  =
5.5
1 0 0 0
92217 72419
Total gas age = 
No plateau age 
Isochron age =
1 0 2 0

































Appendix B. ^A r/^A r Geochronology of the Keres Group
Tpa 5, groundmass basaltic trachyandesite, 16.68 mg, J  = 0.0007531 ± 0.5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39^ = 0.0002 ± 150%, 36/3?ca = 0.0002679 ± 2.52%, 
3 9 /3 7 c a -0.0007166 ±  4.77%
step T(C) *Ar 3?Ar *Ar *Ar %*"Ar* %  ̂At jgi Ca/K (*Ar*/*ArK) Age (Ma) la
1 600 16.18 267 3.60 2532 5575.4 160 8 . 6 19285 37.0193 4901 0.62
2 650 248 2.90 0  81 23.63 972.5 273 8 . 0 22285 112081 1536 034
3 700 136 4.02 005 3037 6459 40.5 103 2.4202 80076 1 1 0 0 030
4 750 078 433 058 3405 4725 54.7 1 1 0 2.5229 7.4791 1033 907
5 800 032 3 56 048 2744 3482 598 9.3 23551 7.4251 1006 0.07
6 900 0 . 8 6 436 0 56 30.94 473.9 498 10 5 2 4989 7.5265 1 0 2 0 0.08
7 1 0 0 0 137 3.94 036 2921 764.4 397 9.9 2.4496 7.9796 1CL81 030
8 1 1 0 0 203 4.77 0 . 6 6 1942 7573 23.8 6.6 4.4656 92419 1 2 0 1 033
9 1170 536 12.83 1.62 4007 1959.9 2 2 . 1 130 5.7050 10.6041 1435 038
1 0 1250 230 1 2 0 0 0 71 2L89 804.1 26.6 7.5 10.7225 97289 1337 034
11 1400 LOI 9.96 035 1 1 0 2 378.9 26.4
Cumulative %^Ar =
3.8
1 0 0 0
16.4811 &&W9
Total gas age = 



































Appendix B. ^®Ar/̂ ®Ar Geochronology of the Keres Group
Tca2, plagloclase andésite, 15-41 mg, J  = 0.0007460 ± 0-5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39k = 0.0002 ± 150%, 36/3?ca =  0.0002679 ±  2.52%, 
39/37ç  ̂= 0.0007166 ±  4.77%
step T(C) *Ar :?Ar *Ar "«Ar %^Ar* Ca/K ("Ar*/*ATK) Age (Ma) la
1 600 035 976 0.07 0.65 109.0 1 0 . 0 1 . 0 213277 15.5880 2 0  8 6 132
2 700 036 230 0.06 232 632 394 3.7 193525 83572 1L48 031
3 775 032 448 0.08 4.06 578 598 6.5 19.7662 73372 938 030
4 855 030 733 0.09 635 673 783 1 0 2 20.1006 7.2036 967 0.09
5 935 0.09 936 032 7.93 71.3 872 1 2 2 21.1464 6.8264 936 0.09
6 1015 0.09 7.96 0 . 1 1 6.96 6 & 6 82.8 1 1 . 1 20.4891 62055 9.00 0.08
7 1090 0.09 5.44 0.08 5.19 552 794 8.3 18.7624 6.8324 937 023
8 1150 0 . 1 0 6.94 030 6/41 68.7 813 1 0 2 193929 72866 9.78 0.07
9 1 2 1 0 0.15 726 032 6.60 83.9 65.0 196 19.6873 73827 9.64 0.08
1 0 1400 030 1520 026 16.07 192.3 64.7
Cumulative %̂ **Ar =
297
1 0 0 . 0
174818 7.2492








































Appendix B. ‘*®Ar/̂ *Ar Geochronology of the Keres Group
PC A, plagloclase dacite, 14.56 mg, J  = 0.0007420 ± 0.5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39% = 0.0002 ± 150%, 36/37c, = 
39/37a = 0.0007166 ± 4.77%
0.0002679 ± 2.52%,
step T(C) *Ar :?Ar *Ar ""Ar *Ar %"Ar# % '"Ar,d Ca/K ("Ar*/"Ar%) Age (Ma) la
1 600 3.07 036 965 3.06 986 9 1 0 . 8 2.9 23474 34.6307 45.77 1.06
2 700 0.60 132 038 529 200.7 153 53 3.4912 53479 6  8 8 032
3 775 0.24 198 033 5.82 912 29.6 5.6 63649 43959 531 031
4 855 037 3.40 033 739 7L9 413 7.3 83282 3 4168 437 0.08
5 935 033 4.42 035 9.76 63 5 56.6 9.3 82017 33277 438 0.05
6 1015 030 420 037 1L03 632 699 103 7.7151 33067 4.42 0.07
7 1090 030 3.89 035 924 54.1 682 93 7.2295 33142 436 0.06
8 1150 0.08 2.76 031 7.07 44.1 794 6 . 8 7.0796 33018 432 0.06
9 1 2 1 0 0.08 283 031 7.84 453 794 7.5 6.5480 3.4153 437 0.04
1 0 1310 032 533 039 14.11 99.0 81.0 133 6 3 8 » 42110 636 0.09
11 1400 037 8.06 036 2229 235.1 60.8








































Appendix B. ^A r/^A r Geochronology of the Keres Group
Tka 1, piagioclase dacite, 15.50 mg, J  = 0.0007286 ± 0.5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39% = 0.0002 ± 150%, 36/37ca = 
39/37ç„ = 0.0007166 ± 4.77%
0.0002679 ± 2.52%,
Step T(C) ^Ar "A r "A r "A r «Ar %«Ar* % "A r,^ Ca/K rAr#/*Ar%) Age (Ma) la
1 600 20.43 L47 437 226 66173 1 1 2 1 . 8 12.5705 33L4911 39029 639
2 700 0.94 2.44 025 5.68 3263 18.9 4.6 82714 10.6233 13.91 039
3 775 037 339 038 8 . 1 1 157.7 383 6.5 8.0269 7.0139 920 030
4 855 025 525 0 2 0 1L98 150.4 593 9.6 8.4280 6.9726 934 030
5 935 0 2 2 7.89 025 1726 170.7 713 133 92M6 63KW 826 0.06
6 1015 024 1036 035 2125 205.0 743 173 8  8955 6.7463 985 0.06
7 1090 024 9 55 031 20.62 1993 733 163 8.9067 6.7762 989 0.09
8 1150 023 643 023 1324 1596 676 1 1 . 1 8.9940 72793 9.54 037
9 1 2 1 0 026 3 85 035 823 1396 54.1 6 . 6 99M7 821!% 10.77 0.08
1 0 1310 0.46 339 039 832 217\6 602 6.5 73571 192173 25 W 0 2 0





Total gas age = 







































Appendix B. ^®Ar/®Ar Geochronology of the Keres Group
Tkoa 1, groundmass trachydacite, 17.04 mg, J  = 0.0007390 ± 0.5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39k = 0.0002 ± 150%, 36/3?ca = 
39/3?ca-0.0007166 ± 4.77%
0.0002679 ± 2.52%,
step T(C) "A r "A r "A r "A r «Ar %«Ar* % " A r^ Ca/K («Ar#/:'ArK) Age (Ma) l a
1 600 3989 195 7.46 4695 11690.8 16.6 10.1 0 2 * n 41.6207 5465 0 2 1
2 650 2.99 232 1 2 2 52.69 1369.4 372 1L4 02611 92M 6 1330 032
3 700 L41 338 132 6629 9332 576 144 0.9046 8.0383 10.69 0.07
4 750 033 427 1.06 7006 763.6 70.1 153 1.1530 7.5856 1039 0.06
5 800 0.64 4.00 035 58 96 606.3 712 1 2 2 1.-2844 TZM3 9.67 0.06
6 900 079 5.01 1.08 72.40 738.7 70.7 156 12103 73655 923 0.07
7 1 0 0 0 0 . 8 6 2.41 031 4934 595.5 60.0 106 09270 73897 926 037
8 1 1 0 0 027 1.44 028 1825 361.1 40.4 4.0 1.4666 7.7071 1025 0.08
9 1170 0 . 8 6 131 023 1249 346.0 30.1 2.7 1.6840 83107 10.78 030
1 0 1250 0.62 1 2 1 027 929 255.3 322 2 . 0 2.6469 8.5469 1126 030












































Appendix B. ^®Ar/̂ ®Ar Geochronology of the Keres Group
Tea 3, piagioclase trachyandesite, 15.79 mg, J  = 0.0007460 ± 0.5%
4 amu discrimination -  L02034 ± 0.20%, 40/39k== 0.0002 i  150%, 36/3?ca = 0.0002679 ± 2.52%, 
39/37ça = 0.0007166 ± 4.77%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r:^ Ca/K («Ar*/"ArK) Age (Ma) la
1 600 0.46 061 031 1 2 1 1492 113 1.9 22.8093 123763 1728 127
2 700 032 1.46 037 326 589 482 52 19.1725 6.8466 939 0 2 0
3 775 039 227 030 5 8 8 90.9 502 8.4 19.0480 73377 9.66 032
4 855 030 323 033 828 782 788 113 19.0402 6.7607 9.08 036
5 935 0.08 328 033 920 80.4 832 132 20.0945 &&M7 8  87 0.09
6 1015 0.09 226 031 698 65 5 75.5 9.9 19.4932 623CM 850 0.08
7 1090 032 234 030 529 6 8 . 2 592 82 182408 62247 K49 0.08
8 1150 033 285 032 722 802 682 10.4 192042 6.7301 9.04 0.09
9 1 2 1 0 0 07 227 0.07 5.84 574 84.0 8.3 19.1826 7.0804 950 0.09
1 0 1310 037 2.54 031 7.04 972 62.5 1 0 . 0 17.8392 7.7543 1(141 032
11 1400 029 347 038 829 142.0 49.6




Total gas age = 







































Appendix B. «A r/"A r Geochronology of the Keres Group
WBMF, groundmass basait, 18.16 mg, J  = 0.0015050 ± 0.5%
4 amu discrimination -  1.01425 ± 0.21%, 40/39% = 0.0002 ± 150%, 36/37q, = 
39/37c = 0.0006820 ± 1.57%
0.0002674 ± 2.70%,
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r^ Ca/K («Ar*/"Ar%) Age (Ma) la
1 575 3352 1530 726 335 113733 142 3.9 13058 4853 125.92 250
2 610 557 1837 153 292 1981.3 16.9 4.6 25142 1148 30U91 045
3 650 331 3331 1.06 344 1137.9 2 1 2 5.8 3.9571 752 18 96 027
4 700 2 . 0 0 5352 038 453 800.4 28.7 7.9 4.7107 5.00 1353 054
5 750 127 5263 0.94 493 608.9 364 10.0 4.2573 441 1155 055
6 790 135 3541 0 2 0 40.1 4623 36.0 9.9 35546 451 1152 0.09
7 830 0.97 29.63 0 63 312 407.8 325 8.9 3.7656 454 1 1 2 1 050
8 870 0.91 2730 048 22.9 3658 295 8 . 1 4.9103 452 12.49 053
9 910 0 85 27 80 028 17.1 3255 26.1 7.1 6.5313 4.80 12 99 057
1 0 950 0.82 2843 0.36 15.0 301.0 235 6.4 7.6503 4.60 12.45 025
11 1 0 0 0 083 3049 026 14.7 305.9 24.1 6 . 6 8.3409 437 1358 057
1 2 1100 0.89 42.84 025 1 2 . 8 3152 20.5 55 13.4652 451 1327 059
13 1170 1.01 101.55 0 2 0 7.4 3256 15.7 4.3 55.9118 6.80 1857 0.46
14 1250 1.07 180.20 023 9.5 349.8 19.3 5.3 78J073 7.04 19.01 055





Total gas age = 





































Appendix B. « A r /" A r  Geochronology of the Keres Group 
BM 1, groundmass basait, 14.24 mg, J  = 0.0015250 ± 0.5%
4 amu discriminatioo = 1.01425 ± 021%, 40/39% = 0.0002 ± 150%, 36/37c = 0.0002674 ± 2.70%, 
39/37c = 0.0006820 ± 1.57%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r* , Ca4( («Ar*/"Ar%) Age (Ma) la
1 550 18.72 665 3.94 105 6352.1 142 3.&M9 2.6082 8650 22353 351
2 625 352 3105 1.12 326 12792 20.5 5 2591 3.9111 8.04 2 1 % 027
3 700 155 7850 135 57.3 6965 375 9.6203 56Ü 6 454 12.45 052
4 775 0.94 7448 035 59.7 482 6 46.6 11.9548 55302 323 1 0 2 2 0.08
5 855 033 42.72 0.72 46.5 413.4 445 115648 3.7805 3 89 1036 0.08
6 915 0.70 2531 049 283 30&3 375 9.5177 3.5750 338 1034 0.09
7 975 0.89 23 64 052 275 37Œ6 325 8.2350 352% 423 1160 052
8 1035 127 2435 058 25.9 4815 25.1 6.4392 3.9489 431 12.65 053
9 1090 031 2270 056 13.7 297.7 23.0 5.9M5 6MB3 485 13.29 057
1 0 1150 056 44.02 0 2 1 64 1954 223 5 3 0 9 282996 629 17.22 050
11 1 2 1 0 052 8856 057 4.9 1703 2 2 . 1 5.6696 76.3697 750 1998 058
1 2 1300 1.90 21223 0 . 6 8 23 9 671.4 23.0 59M5 36.8231 641 17.55 0.24
13 1400 065 54.54 0 2 2 6.7 291.8 42.3




Total gas age = 



































Appendix B. "*®Ar/̂ ®Ar Geochronology of the Keres Group
Tsb3, groundmass trachybasalt, 17.41 mg, J  = 0.0007491 ± 0.5%
4 amu discrimination = 1.02317 ± 0.40%, 40/39^ = 0.0002 ± 150%, 36/3?ca = 0.0002679 ± 2.52%, 
39/3?ca = 0.0007166 ± 4.77%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % " A r^ Ca/K («Ai*/"Ar%) Age (Ma) la
1 600 19.80 293 3.96 1326 6092.3 -0.7 4.3 L4W7 -35190 -449 -12.60
2 650 3.00 356 0 85 19.70 1023.4 9.6 6.4 2.5006 4.9714 621 127
3 700 2.54 450 0  8 8 31.00 966.7 192 1 0 . 1 2 W% 8 5.9974 8.09 0.69
4 750 258 453 0 89 36.61 9545 232 11.9 1.9300 6.0368 854 055
5 800 1.64 3.08 0.62 25.92 663.5 239 8.4 135M 6  0956 822 053
6 900 7.05 950 2.07 5658 2473.8 1 1 . 8 185 2 XÜ1 2 521:# 7.03 195
7 1 0 0 0 1.64 7.64 0.82 3835 750.6 329 1 2 . 6 3.0709 65223 852 056
8 1 1 0 0 0 85 5.74 0.54 2752 4385 40.6 89 325SB 65855 K61 027
9 1170 0 . 6 8 1247 050 1 2  80 2727 272 4.2 152780 5.7983 7.82 043
1 0 1250 245 3459 0.94 36.60 9535 13.7 11.9 14.7238 35945 451 055
1 1 1400 0 . 6 6 995 024 958 249.4 22.0 
Cumulative %"Ar risd =
3.1
1 0 0 . 0
162913 5.5426
Total gas age = 






































Appendix B. ^Ar/*®Ar Geochronology of the Keres Group
SBD, groundmass basait, 15.00 mg, J  = 0.0007400 ± 0.5%
4 amu discrimination = 1.02317 ± 0.40%, 40/39k = 0.0002 ± 150%, 36/3?ca =  0.0002679 ±  2.52%, 
39/37ca =  0.0007166 ± 4.77%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % " A r^ Ca/K rAr*/"Ar%) Age (Ma) la
1 600 637 245 143 542 2269.1 6.3 5.3 75892 26.5049 38M 1058
2 650 (X71 253 0 2 2 6.79 2785 239 6.7 5.4485 9.5473 1 2 2 0 035
3 700 045 235 0 2 1 10.09 225.1 40.9 9.9 4.4779 8  9636 1193 056
4 750 0.40 393 023 11.59 220.4 46.1 114 45451 8.5587 1159 055
5 800 0.41 2.09 059 826 2099 414 8 . 1 49210 102158 13.59 041
6 900 169 751 055 1822 697.8 259 185 6.3649 9.6212 1230 025
7 1 0 0 0 045 626 024 1251 452.1 71.1 125 79431 25.4193 3392 042
8 1 1 0 0 050 338 057 8.83 452.1 8L4 8.7 6.9845 41.4363 54.49 049
9 1170 050 3 75 051 325 387.8 784 3.7 15.9183 80.4487 1(M53 098
10 1250 105 3124 051 895 6812 559 8 . 8 562110 423305 5629 1 . 0 2
11 1400 0.95 25.06 024 656 2175.5 87.6
Cumulative %^*Ar =
6.5
1 0 0 . 0
61.6398 297.0887
Total gas age = 








































Appendix B. «A r/"A r Geochronology of the Polvadera Group 
£R  8 , sanidine rhyolite, J  = 0.0007520 ± 0.5%
4 amu discrimination = 1.02179 ± 0.26%, 40/39% = 0.0002 ± 150%, 36/37c, = 0.0002679 ± 2.52%, 
39/37c = 0.0007166 ± 4.77%
Crystal "A r "A r "A r "A r «Ar %«Ar* Ca/K («Ar*/"ArK) Age (Ma) la
1 0.09 057 0.80 6056 785 689 0.0455 0.8701 158 0 . 0 2
2 193 053 145 85 95 6215 219 0.0462 1.7326 255 0.03
3 052 0.40 0.91 6722 96.7 682 0.0446 09637 151 0  0 1
4 0.08 052 025 54.07 734 72.3 09437 O.W%7 151 0 . 0 1
5 (LOI 0.24 043 3450 339 952 0.0533 0.9128 124 0 . 0 2
6 053 023 0.54 38 8 6 72.5 524 0.0442 09637 151 0 . 0 1
7 057 050 L07 7824 1263 616 0.0476 1.0073 1.37 0 . 0 2
8 0.80 023 0.69 43 00 2955 22.7 0.0395 1.5606 252 093
9 0.06 050 0 2 1 5356 6 8 . 0 77.5 0.0423 8W97 151 0 . 0 2
1 0 154 059 191 60.68 432.0 242 0.0482 12289 254 093
1 1 0.24 027 026 5553 1262 44.8 0.0371 1.0132 157 0 . 0 1
1 2 0 2 0 0.62 0.98 7395 1255 54.1 0 0639 09210 125 0 . 0 1
13 1.64 052 191 100.09 626.5 245 0.0392 1.5222
Mean age = 







































Appendix B. «A r/"A r Geochronology of the Polvadera Group
ER 4, sanidine rhyolite, 16.18 mg, J  = 0.0007513 ± 0.5%
4 amu discrimination = 1.02212 ± 0.19%, 40/39% = 0.0002 ± 150%, 36/3?ca= 0.0002679 ± 2.52%, 
39/37ç. = 0.0007166 ± 4.77%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r,d Ca/K («Ar»/"Ar%) Age (Ma) la
1 600 6.40 0.09 153 7.11 2m #9 109 0.5 0.5316 32.0863 4 2 # 0.92
2 670 050 054 026 12.60 1855 24.8 1 . 0 0.4726 35W9 495 0.07
3 750 0.24 0.26 041 2800 1 2 2 2 48.0 2 . 2 0.4066 2.0297 275 0.04
4 820 054 058 0.64 4797 1185 72.0 39 05462 L^W 8 257 0 . 0 2
5 885 051 048 0.92 7258 149.6 855 5.6 0.2914 L7194 253 0 . 0 2
6 950 050 0.62 1.46 111.03 209.6 887 8 . 6 02415 1.6426 223 (LOI
7 1025 098 0.69 225 17056 3035 94.1 132 05758 1.6529 224 (LOI
8 1090 0.07 053 245 188.54 3259 95.8 149 05212 1.6367 2 2 2 (LOI
9 1150 0.09 058 253 19320 3339 94.2 149 0.0861 1.6012 257 (LOI
1 0 1215 0.06 0.29 2.90 224.34 3845 97.1 175 0.0569 1.6448 223 (LOI
1 1 1275 0.08 023 2.09 16252 2887 939 129 0.0612 19470 223 (LOI
1 2 1335 0.09 052 083 65.13 1319 8 6 . 1 5.0 0.0807 191!M 259 0  0 1







Total gas age = 












































Appendix B. «A r/"A r Geochronology of the Polvadera Group 
ER 6 , plaglocimae rhyolite, 11.96 mg, J  -  0.0015285 ± 0.5%
4 amu discrimination = 1.01647 ± 0.34%, 40/39% = 0.0002 ± 150%, 36/37^= 0.000288 ± 8.97%, 
39/37c = 0.000779 ± 2.99%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r.d Ca/K («Ar*/"Ar%) Age (Ma) la
1 600 5.84 0.94 1.23 4.81 1895.1 10.4 52 0.6405 41.1347 1 1 0 . 0 1 4.316
2 700 2.06 3.69 0.54 10.37 670.1 1 1 . 8 1 1 2 1.1653 7.6031 20.85 0.648
3 800 1 . 2 1 11.06 0.44 13.09 393.1 12.9 14.1 2.7673 3.8433 10.57 0.304
4 860 0.63 13.46 025 8.73 2042 14.7 9.4 5.0537 3.3456 920 0238
5 910 0.40 16.01 0.17 7.83 134.5 17.5 8.5 6.7018 2.8664 7.89 0.187
6 960 0.32 18.07 0.18 7.95 104.0 15.1 8 . 6 7.4591 1.8481 5.09 0208
7 1 0 1 0 0.25 16.94 0.13 7.11 74.1 82 7.7 7.8227 0.7772 2.14 0.123
8 1060 0.18 14.19 0 . 1 2 5.66 53.3 10.7 6 . 1 82286 0.8789 2.42 0.128
9 1 1 1 0 0.14 12.64 0.09 4.87 462 362 5.3 8.5157 2.7776 7.64 0 2
1 0 1160 0 . 1 1 10.73 0.08 420 35.7 38.0 4.5 8.3838 2.4164 6.65 0 2
1 1 1 2 2 0 0 . 1 1 9.75 0.06 424 36.4 40.5 4.6 7.5440 2.6162 720 0208
1 2 1290 0 . 1 2 10.05 0 . 1 0 5.03 52.7 57.8 5.4 6.5463 5.0449 13.86 0.415
13 1400 0.15 18.12 0.13 8.71 992 66.5
Cumulative %"Ar =
9.4
1 0 0 . 0
6.8225 62127
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Appendix B. «A r/"A r Geochronology of the Polvadera Group 
ER 7, piagioclase rhyolite, 20.10 mg, J  = 0.0007513 ± 0.5%
4 amu discrimination = 1.02034 ± 0.20%, 40/39% = 0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37c = 0.0007166 ± 4.77%
Step T(C) "A r "A r "A r ^'Ar «Ar %«Ar* % "A r„i Ca/K («Ar*/"Ar%) Age (Ma) 1er
1 650 6 . 2 0 0.75 1.28 4.03 1983.7 9.5 2.4 82496 46.9618 62.56 2.41
2 700 0.19 0.67 0.08 3.80 84.7 39.9 2.3 7.8499 82325 1 1 . 1 2 0.13
3 800 0.17 1.85 0.16 1 0 . 0 2 103.0 57.4 6 . 1 8.1927 5.5383 7.49 0 . 1 2
4 850 0.13 1.81 0.14 9.59 85.8 64.9 5.8 8.3881 5.3790 728 0 . 1 2
5 900 0 . 1 1 2.09 0.13 11.00 87.6 71.3 6.7 8.4258 52627 7.12 0.06
6 955 0.11 2.64 0 2 2 14.17 105.8 77.3 8 . 6 82661 5.4123 7.32 0.08
7 1 0 2 0 0 . 1 2 3.30 024 18.34 132.3 81.1 1 1 . 1 7.9966 5.5664 7.53 0.06
8 1090 0.13 3.56 0.31 21.48 166.8 84.1 13.0 7.3516 62882 8.50 0.06
9 1150 0.09 2.89 026 19.45 192.6 92.6 1 1 . 8 6.5822 8.8770 11.99 0.08
1 0 1260 0.15 2.98 0.37 25.97 524.1 94.3 15.7 5.0958 18.8724 25.40 0.15





1 0 0 . 0
6.6243 16.3135
Total gas age = 




































Appendix B. «A r/"A r Geochronology of the Polvadera Group
TD 24, piagioclase trachyandesite, 15.67 mg, J  = 0.0007420 ± 0.5%
4 amu discrimination = 1.02681 ± 0.18%, 40/39% -  0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37a -  0.0007166 ± 4.77%
Step T(C) "A r "A r "A r "A r «Ar %«Ar* % "Ar„d Ca/K («Ar'/"Ar%) Age (Ma) Ict
1 600 9.87 0.83 1.92 1.62 3111.5 8.9 1.5 9.9440 172.0685 216.77 5.49
2 700 1 . 0 0 1.99 0.25 4.33 3352 15.3 4.0 8.8641 11.6380 15.51 0.32
3 775 0.37 3.15 0.16 7.06 150.8 332 6 . 6 8.6099 6.6626 8.92 0.08
4 855 0.43 527 023 1126 1872 39.3 10.5 9.0557 62364 8.33 0 . 1 1
5 935 0.32 7.88 025 15.37 174.5 54.7 14.3 9.9064 5.9018 7.88 0 . 1 0
6 1015 0.25 9.96 028 17.74 168.2 65.4 16.5 10.8629 5.8853 7.86 0.05
7 1090 027 9.16 025 15.93 164.5 60.7 14.8 11.1215 5.9445 7.94 0.06
8 1150 0.33 5.86 0.19 10.31 146.8 442 9.6 10.9903 5.8425 7.80 0.08
9 1 2 1 0 0.30 3.37 0.13 6.06 1 2 1 . 6 37.7 5.6 10.7692 6.9068 922 0.08
1 0 1310 0.48 3.65 0.18 6.90 186.9 35.4 6.4 102173 8.9484 11.94 023
11 1400 0.58 6.14 026 10.91 249.7 40.6
Cumulative %"Ar d«d =
1 0 . 1
1 0 0 . 0
10.8819 8.8597
Total gas age = 





































Appendix B. "^Arf^^Ar Geochronology of the Polvadera Group
TD 20, piagioclase andésite, 17.47 mg, J  = 0.0007506 ± 0.5%
4 amu discrimination -  1.02212 ± 0.19%, 40/39^ = 0.0002 ±  150%, 36/3?ca = 0.0002679 ± 2.52%, 
39/37ça -  0.0007166 ± 4.77%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % " A r^ Ca/K («Ar*/"Ar%) Age (Ma) la
1 600 2.78 0.28 0.59 2.04 890.7 1 0 . 1 1 . 6 52607 442568 58.96 1.45
2 650 0.41 0.79 0.14 4.36 151.1 23.4 3.5 6.8670 7.9445 10.73 0.19
3 700 0 2 2 128 0 . 1 1 6.05 97.6 40.9 4.8 8.0160 6.3549 8.59 0.16
4 855 0 2 1 2.19 0.16 9.34 106.6 49.5 7.4 8.9002 5.4589 7.38 0.08
5 935 0.32 3.19 023 13.32 159.9 47.6 1 0 . 6 9.1216 5.5827 7.54 0.08
6 1015 0.17 4.06 025 16.49 131.5 69.0 13.1 9.3542 5.3343 721 0.06
7 1090 0.13 4.02 023 16.35 120.7 77.8 13.0 9.3512 5.5494 7.50 0.07
8 1150 0.07 320 0.18 1 2 . 8 8 902 86.4 1 0 2 9.4572 5.6977 7.70 0.05
8 1 2 1 0 0.06 2 . 6 8 0.16 10.87 72.7 8 6 . 1 8 . 6 9.3803 5.3328 721 0.05
1 0 1310 0.06 2.53 0.15 1 1 . 1 0 83.6 91.1 8 . 8 8.6541 6.1205 827 0 . 1 2
11 1400 0.15 4.99 0.33 23.20 198.0 84.4
Cumulative %"Ar ̂  =
18.4
1 0 0 . 0
8.1771 6.9034
Total gas age = 
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Appendk B. «Ar/"Ar Geochronology of the Polvadera Group
TD 15, plagloclase dacite, 18.11 mg, J = 0.0007455 ± 0.5%
4 amu discrimination = 1.02212 ± 0.19%, 40/39% = 0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37c= 0.0007166 ± 4.77%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r,^ Ca/K («Ar*/"Ar%) Age (Ma) la
1 600 11.32 0.63 2.24 1.39 3622.5 9.7 2.6 17.4595 254.4802 315.36 6.84
2 650 0.46 125 0.13 2.94 156.0 17.5 5.5 16.3837 9.0719 1224 0.24
3 700 0.17 2.00 0.09 4.53 79.2 47.0 8.5 17.0852 7.7848 10.51 0.24
4 855 0.16 3.36 0.12 6.49 87.2 56.4 12.1 20.0325 7.2308 9.77 0.10
5 935 0.14 4.86 0.12 7.14 82.6 63.9 13.3 26.4265 7.0028 9.46 0.09
6 1015 0.13 6.08 0.11 7.41 82.1 70.3 13.8 31.9475 7.3785 9.96 0.08
7 1090 0.23 5.76 0.12 6.29 103.4 47.5 11.7 35.6708 7.4996 10.13 0.17
8 1150 0.11 4.61 0.09 4.84 56.6 63.6 9.0 37.1036 6.6629 9.00 0.15
9 1210 0.18 3.24 0.07 3.38 71.7 36.6 6.3 37.3578 72159 9.75 0.18
10 1310 027 2.72 0.09 324 101.8 29.1 6.1 32.6660 8.4156 11.36 0.19





Total gas age = 











































Appendix B. «Ar/"Ar Geochronology of the Polvnderm Group 
TD 10, pimgiocimse dncite, J -  0.0015444 ± 0.5%
4 amu discrimination -  1.01425 ± 0.21%, 40/39% = 0.0002 ± 150%, 36/37^ = 0.0002674 ± 2.70%, 
39/37c -  0.0006820 ± 1.57%
step T (Q "A r "A r "A r "A r «Ar %«Ar* % Ar rei Ca/K C«Ar*/"Ar%) Age (Ma) la
1 650 1.96 1722 0.58 15.13 637.7 11.4 1.7 4.8717 4.7890 13.29 0.28
2 700 0.25 22.96 025 15.11 85.6 24.5 3.6 6.5107 12919 3.60 0.10
3 800 0.21 61.90 0.44 32.88 89.9 46.2 6.8 8.0704 1.1610 323 0.04
4 850 0.16 54.92 0.35 24.94 66.8 52.0 7.6 9.4437 12409 3.45 0.05
5 890 0.16 50.57 0.31 21.62 61.0 45.5 6.7 10.0333 1.1290 3.14 0.06
6 930 0.16 47.64 029 20.05 60.4 45.3 6.6 10.1906 1.1513 321 0.04
7 970 0.16 42.78 029 18.09 61.5 45.6 6.7 10.1440 1.3146 3.66 0.04
8 1010 0.18 36.75 025 15.80 62.5 31.2 4.6 9.9745 1.0507 2.93 0.04
9 1050 0.19 3221 021 14.16 64.0 26.6 3.9 9.7547 1.0259 2.86 020
10 1100 023 35.56 025 15.70 82.1 29.1 4.3 9.7151 1.3484 3.75 0.11
11 1150 020 33.89 021 14.09 69.5 36.3 5.3 10.3191 1.4167 3.94 0.09
12 1220 0.19 45.12 025 18.04 842 54.0 7.9 10.7291 2.0886 5.81 0.08
13 1300 025 70.69 0.41 28.33 201.7 75.7 11.1 10.7059 5.0316 13.97 0.10
14 1333 026 46.82 0.32 19.08 177.7 75.1 11.0 10.5272 5.9503 16.50 0.14
15 1366 0.41 37.38 029 1522 185.3 46.3 6.8 10.5344 4.8700 13.52 0.15
16 1400 0.35 30.01 021 11.62 134.6 36.7




Total gas age = 
No plateau age 






































Appendix B. «Ar/"Ar Geochronology of the Polvmdem Group 
TD 13, amphibole dacite, J = 0.0015393 ± 0.5%
4 amu discrimination = 1.01425 ± 0.21%, 40/39% = 0.0002 ± 150%, 36/37^» = 0.0002674 ± 2.70%, 
39/37c -  0.0006820 ± 1.57%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r,^ Ca/K («Ar*/^^Ar%) Age (Ma) la
1 675 4.88 1.69 1.24 19.13 1610.0 12.0 2.9 0.3702 10.0762 27.77 0.67
2 750 0.49 1.15 023 8.64 1662 152 3.7 0.5578 2.8018 7.76 0.18
3 850 0.53 1.67 0.17 4.78 173.8 13.3 32 1.4610 4.6427 12.85 026
4 950 0.82 3.65 024 521 2622 10.7 2.6 2.9417 5.2356 14.48 0.51
5 990 024 6.23 0.12 3.57 77.6 14.1 3.4 7.3265 2.7027 7.49 0.15
6 1020 0.43 20.56 0.19 5.59 134.7 12.6 3.0 15.4889 2.8431 7.88 0.18
7 1040 0.57 5823 028 11.48 185.7 17.0 4.1 21.4014 2.6272 7.28 0.17
8 1060 0.79 151.74 0.58 27.65 273.1 25.7 62 23.1646 2.4768 6.87 0.09
9 1080 0.50 121.01 0.46 22.01 176.3 30.1 72 23.2052 2.3051 6.39 0.11
10 1095 0.19 41.79 0.16 8.43 63.0 27.6 6.6 20.9060 1.7597 4.88 0.18
11 1110 022 50.34 0.20 1024 69.6 30.5 7.3 20.7349 1.6513 4.58 0.14
12 1130 027 93.64 0.34 1821 91.7 38.1 9.2 21.6952 1.6261 4.51 0.10
13 1155 025 84.30 028 14.98 83.4 35.5 8.5 23.7591 1.6409 4.55 0.11
14 1185 0.19 44.52 0.14 8.01 60.5 32.7 7.9 23.4520 1.8860 5.23 023
15 1220 021 50.05 0.19 9.57 72.4 35.8 8.6 22.0652 2.1801 6.04 0.15
16 1260 027 61.63 026 1221 95.0 34.2 82 212973 22711 6.30 0.16
17 1300 026 44.55 0.16 7.30 85.0 25.9 62 25.7992 2.5303 7.01 0.20







Total gas age = 
No plateau age 































Appendix B. "*®Ar/^Ar Geochronology of the Polvadera Group
L B ll, groundmass basalt, 14.25 mg, J  = 0.0007473 ± 0.5%
4 amu discrimination = 1.02317 ± 0,40%, 40/39^ = 0.0002 ± 150%, 36/3?ca = 0.0002679 ± 2.52%, 
39/3 7ca = 0.0007166 ±  4.77%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r,d Ca/K C«Ar*/"Ar%) Age (Ma) la
1 600 4.85 3.60 1.03 6.36 1643.1 8.9 6.9 9.0383 23.1201 30.90 629
2 650 0.59 4.04 024 8.57 251.1 30.3 9.3 7.5294 8.7295 11.76 0.56
3 700 0.46 5.94 025 1221 230.5 422 13.3 7.7621 7.8145 10.53 0.31
4 750 0.45 6.96 024 13.66 2402 442 14.9 8.1249 7.6017 10.24 029
5 800 0.42 4.54 020 1026 208.8 39.4 112 7.0681 7.8167 10.53 0.34
6 900 0.97 4.94 0.32 11.78 395.7 25.4 12.8 6.6863 8.4264 11.35 0.68
7 1000 0.66 3.38 024 9.06 286.9 30.0 9.9 5.9499 92681 12.48 0.62
8 1100 0.40 3.01 0.17 7.06 184.4 33.5 7.7 6.8027 8.3996 11.32 0.46
9 1170 0.27 5.60 0.09 3.47 118.3 35.3 3.8 25.8962 11.3366 15.26 0.59
10 1250 0.30 12.39 0.11 3.43 125.4 33.8 3.7 58.5300 11.8255 15.91 0.71





Total gas age = 




































Appendix B. ^A r^^A r  Geochronology of the Polvadera Group
LB9, groundmass basalt, 14.28 mg, J  = 0.0007327 ± 0.5%
4 amu discrimination = 1.02317 ± 0,40%, 40/39k = 0.0002 ± 150%, 36/3?ca = 0.0002679 ± 2.52%, 
39/37c -  0.0007166 ± 4.77%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r^ Ca/K («Ar*/"Ar%) Age (Ma) la
1 600 21.24 3.40 4.52 20.13 7179.9 14.6 102 2.7830 52.4462 68.03 1.89
2 650 3.91 4.73 1.04 20.58 1417.7 20.9 10.4 3.7871 14.4009 18.94 0.45
3 700 2.03 5.92 0.73 24.56 823.1 29.8 12.4 3.9703 9.9807 13.15 021
4 750 1.12 5.52 0.58 27.87 554.0 42.6 14.1 32600 8.4126 11.09 0.13
5 800 0.95 427 0.53 2628 482.1 442 13.3 2.6759 8.0549 10.62 0.12
6 900 1.28 5.41 0.67 33.57 6442 43.6 16.9 2.6513 8.3258 10.97 0.13
7 1000 1.26 3.44 0.49 18.99 538.3 32.8 9.6 2.9807 92052 12.13 0.19
8 1100 1.32 3.01 0.40 10.89 496.8 23.4 5.5 4.5451 10.5394 13.88 0.26
9 1170 0.58 3.66 0.15 2.50 196.9 17.6 1.3 24.3061 13.5372 17.81 0.57
10 1250 221 12.84 0.50 3.14 749.7 16.1 1.6 68.6477 39.1158 50.98 1.36







Total gas age = 







































Appendix B. ‘̂ ®Ar/̂ ®Ar Geochronology of the Polvadera Group
LB17, groundmass basait, 11.63 mg, J  = 0.0007428 ± 0.5%
4 amu discrimination = 1.02317 ± 0.40%, 40/39^ = 0.0002 ± 150%, 36/3?ca = 0.0002679 ± 2.52%, 
39/37ça-0,0007166 ± 4.77%
step T(C) "A r "A r "A r "Ar «Ar %«Ar* %"AT:^ Ca/K rAr*/"Ar%) Age (Ma) la
1 600 7.76 2.15 1.68 8.15 2677.4 10.3 6.5 4.4558 33.9422 44.92 7.79
2 650 1.40 3.28 0.43 11.67 561.0 24.1 9.3 4.7460 11.5524 15.42 0.98
3 700 0.85 4.87 0.38 17.20 411.5 38.0 13.7 4.7756 9.0147 12.04 0.41
4 750 0.66 5.13 0.39 19.92 364.5 45.1 15.8 4.3445 8.1585 10.90 029
5 800 0.50 3.73 0.32 16.84 295.4 48.8 13.4 3.7290 8.4348 11.27 026
6 900 1.82 4.55 0.59 19.70 757.8 26.1 15.7 3.8968 10.0021 13.35 0.77
7 1000 1.40 4.42 0.41 11.66 6092 29.1 9.3 6.4014 15.0718 20.09 1.00
8 1100 0.74 3.40 0.23 5.71 541.7 58.6 4.5 10.0535 55.1631 72.45 121
9 1170 0.77 6.03 0.18 2.38 626.7 63.6 1.9 43.1744 168.6838 212.97 2.85
10 1250 2.00 18.10 0.05 6.49 1510.9 60.1 52 47.6010 141.8884 180.77 2.99





Total gas age = 







































Appendix B. «A r/"A r Geochronology of the Polvadera Group 
LBIO, groundmass basaltic andésite, 14.15 mg, J  = 0.0007387 ± 0.5%
4 amu discrhnmatkm = 1.02317 ± 0.40%, 40/39% = 0.0002 ± 150%, 36/37c = 0.0002679 ± 2.52%, 
39/37ç. = 0.0007166 ± 4.77%
step T (Q "A r "A r "A r "A r «Ar %«Ar* % "A r,y Ca/K («Ar«/"Ar%) Age (Ma) la
1 600 4.10 3.73 0.92 8.58 1396.0 15.7 8.6 7.1963 25.6017 33.80 0.92
2 650 0.88 5.37 0.32 9.79 347.4 28.7 9.8 9.0945 10.1030 13.41 023
3 700 0.41 6.67 0.24 11.73 2122 48.4 11.8 9.4208 8.5889 11.41 0.13
4 750 0.25 7.14 0.23 13.91 178.0 63.3 13.9 8.5170 7.8755 10.47 0.10
5 800 0.19 5.88 0.20 1326 155.9 69.8 13.3 7.3544 7.9313 10.54 0.09
6 900 0.37 7.36 0.30 17.34 237.8 58.8 17.4 7.0343 7.9004 10.50 0.10
7 1000 0.51 3.51 0.21 9.68 224.0 35.0 9.7 6.0100 7.8589 10.44 0.16
8 1100 0.81 2.44 0.23 720 2862 18.0 72 5.6199 6.9799 928 024
9 1170 0.35 2.76 0.09 2.07 115.3 162 2.1 222133 8.5209 11.32 0.34
10 1250 0.36 13.46 0.09 1.31 1099.3 152 1.3 179.4489 12.6417 16.77 120
11 1400 0.95 20.77 024 4.87 323.4 19.5




Total gas age = 





































Appendix B. "^Ar/*®Ar Geochronology of the Polvadera Group
LB13, groundmass andésite, 13.92 mg, J  = 0.0007532 ± 0.5%
4 amu discrimination -  1.02317 ± 0.40%, 40/39% = 0.0002 ± 150%, 36/3?ca = 0.0002679 ± 2.52%, 
39/37ca = 0.0007166 ± 4.77%
step T(C) "Ar "A r "A r "Ar «Ar %«Ar* % "A r,^ Ca/K («Ar*/"Ar%) Age (Ma) lo
1 600 15.37 1.62 3.44 31.54 4987.6 11.1 10.1 0.8352 17.5908 23.75 0.87
2 650 3.83 2.10 1.17 30.92 1285.6 14.3 9.9 1.1062 5.9662 8.05 025
3 700 3.08 3.10 1.07 33.45 1030.7 14.1 10.8 1.5140 4.3773 5.91 0.17
4 750 3.29 4.47 1.09 35.42 1076.6 12.0 11.4 2.0569 3.6596 4.94 0.17
5 800 3.56 4.90 1.10 32.53 1148.4 10.7 10.5 2.4558 3.7821 5.10 023
6 900 6.77 6.44 1.79 38.51 2110.4 7.6 12.4 2.7290 4.1776 5.64 0.32
7 1000 6.65 3.45 1.51 21.42 2009.8 4.4 6.9 2.6274 4.1814 5.64 0.54
8 1100 9.40 5.43 2.32 40.78 2911.5 6.8 13.1 2.1712 4.8719 6.57 0.40
9 1170 4.30 5.27 1.11 20.95 1331.2 7.1 6.7 4.1032 4.5095 6.08 027
10 1250 3.37 8.37 0.86 16.62 1226.0 21.1 5.3 82344 15.6448 21.02 0.44





Total gas age == 









































Appendix B. «A r/"A r Geochronology of the Polvadera Group 
LB 14, groundmass basait, 20.25 mg, J  = 0.0015186 ± 0.5%
4 amu diaaiminatimi = 1.01425 ± 0.21%, 40/39% = 0.0002 ± 150%, 36/37c = 0.0002674 ± 2.70%, 
3 9 /3 7 c- 0.0006820 ± 1.57%
step T(C) "A r "A r "A r "A r «Ar %«Ar* % "A r«, Ca/K («Ar*/"Ar%) Age (Ma) Ict
1 600 15.38 36.54 3.73 47.80 5346.5 16.3 3.0 3.1226 18.2993 49.45 0.73
2 640 1.37 51.55 1.06 65.11 6452 402 7.4 32340 3.9601 10.82 0.12
3 680 0.90 7522 1.39 9722 5702 57.1 10.5 3.1608 3.3241 9.08 0.06
4 720 0.75 80.19 1.51 107.95 537.5 62.8 11.5 3.0343 3.0945 8.46 0.06
5 760 0.71 56.67 1.30 93.74 488.7 60.3 11.0 2.4691 3.1095 8.50 0.06
6 800 0.82 33.06 1.10 71.42 465.9 50.7 9.3 1.8904 32672 8.93 0.07
7 840 0.98 20.54 0.82 47.33 450.9 38.5 7.0 1.7718 3.6224 9.90 0.09
8 900 1.06 19.59 0.75 38.07 4532 33.4 6.1 2.1020 3.9315 10.74 0.14
9 940 0.70 1321 0.44 23.55 290.0 32.1 5.9 22907 3.8415 10.49 0.11
10 1000 0.70 14.33 0.48 2526 296.4 34.1 62 2.3175 3.8904 10.63 0.09
11 1100 0.89 41.47 0.55 25.85 347.4 28.8 5.3 6.5590 3.7813 10.33 0.10
12 1170 0.82 132.44 0.40 15.62 290.5 262 4.8 34.9671 4.7064 12.85 0.18
13 1250 1.13 178.81 0.48 20.36 424.4 29.7 5.4 362241 6.0613 16.53 0.20





Total gas age = 


































Appendix B. ^Ar/*®Ar Geochronology of basalt in the Santa Fe Group 
BAS 3, groundmass foidite, 10.92 mg, J  = 0.0014650 ± 0.5%
4 amu discrimination = 1.02206 ± 0.56%, 40/39k = 0.0002 ± 150%, 36/3?ca = 
39/3?ca = 0.000677 ± 0.81%
0.000282 ± 1.51%,
step T(C) *Ar "A r *Ar 3'Ar "«Ar %^Ar* % "*Ar^ Ca/K ("Ar*/:'ArK) Age (Ma) la
1 550 55 90 7A5 llAO 9.01 18206.8 112 3.9 2.733573134 22829 520.71 2228
2 600 9.08 12L71 2.06 2043 3067.0 14.5 8.8 2.056189923 2184 56.82 2.22
3 650 IjG 13.02 065 2328 720.8 225 10.0 1.847132281 8.46 2223 0A9
4 700 1.07 12.35 0.48 2128 47L0 352 92 1.91710073 270 3W23 027
5 750 1.04 10.42 0.44 1809 43SL7 321 7.8 1.902250398 268 2020 029
6 800 1J3 9 15 0.45 15.11 5222 221 6.5 2.000817537 924 2426 028
7 900 3 85 17.72 1.15 2903 1409.6 212 122 2.016449484 10.26 26.92 024
8 1000 4 58 15.32 127 2925 1618.1 18/4 12.7 1.724254016 10.11 2622 0.84
9 1100 1^8 30.52 0.61 2325 623.0 228 100 4.340665001 724 1921 042
10 1170 3.99 36L66 121 3224 1401.1 21.0 13.9 37.46181321 9 17 24.07 0.69
11 1250 123 19820 028 921 42L1 212 4.0 71.83223804 927 2521 023
12 1400 0.23 2327 003 1A2 73.1 26.6




Total gas age = 


















Total gas age = 11.25 +/- 0.08 Ma





Total gas age = 12.38 +/- 0.08 Ma








Plateau age = 6.92 +/- 0.04 Ma 
Total gas age = 7.13 +/- 0.04 Ma 
Steps 9-11
%“Ar released = 44.7
SSMM3 plagioclase 
Plateau age = 8.85 +/- 0.09 Ma 
Total gas age = 13.10 +/- 0.09 Ma 
Steps 6-8







Plateau age = 9.35 +/- 0.05 Ma 
Total gas age = 9.51 +/- 0.05 Ma 
MSWD=1.1 
Steps 2-8
%”Ar released = 53.3
Tkbdl plagioclase 
Plateau age = 9.12 +/- 0.06 Ma 
Total gas age = 9.42 +/- 0.06 Ma 
Steps 3-8








Total gas age = 18.47 +/- 0.07 Ma





Total gas age = 14.57 +/- 0.07 Ma 





Appendix B. /igesix)ctnijx)rs1%%)lieat ^Ar/^Ar analyses of samples. Error for each step 
shown at lo. Bold steps indicate plateau segments.






Plateau age = 9.27 +/- 0.06 Ma
Total gas age = 11.17 +/- 0.06 Ma
MSWD-0.30
Steps 4-7





Total gas age = 11.32 +/- 0.06 Ma 





Total gas age = 13.16+/- 0.07 Ma
Max. age = 8.87 +/- 0.07 Ma
PCA plagioclase
Total gas age = 6.89 +/- 0.11 Ma






Psuedoplateau age = 8.94 +/- 0.08 Ma 
Total gas age = 9.76 +/- 0.06 Ma 
Steps 4-6
%*Ar released = 40.6
11
Tka1 plagioclase
Psuedoplateau age = 8.82 +/- 0.07 Ma 
Total gas age = 17.68 +/- 0.07 Ma 
Steps 5-7




Total gas age = 14.89 +/- 0.06 Ma
Max. age = 9.53 +/- 0.07 Ma
J





Psuedoplateau age = 9.07 +/- 0.10 Ma 
Total gas age = 9.69 +/- 0.08 Ma 
Steps 5-7





A;q)endixB. Age spectra for step heat ^Ar/"Ar analyses of samples. Error each step 
shown at lo . Bold steps indicate plateau segments.






Total gas age = 15.18+/- 0.07 Ma





Total gas age = 10,01 +/- 0.06 Ma




Teal 2 plagioclase 
Plateau age = 9.05 +/- 0.08 Ma 
Total gas age = 12.68 +/- 0.07 Ma 
Steps 4-8






Total gas age = 11.17 +/-0.07 Ma





Pseudoplateau age = 10.25 +/- 0.17 Ma 
Total gas age = 11.34 +/- 0.10 Ma 
Steps 3-6





Total gas age = 49.55 +/- 0.34 Ma








Total gas age = 24.90 +/- 0.08 Ma






Total gas age = 19.06 +/- 0.10 Ma | 
Max. age = 11.12+/- 0.09 Ma I




Appendix B. Age spectra for step heat'"ArT'Ar analyses of samples. Error lor each step 
shown at lo . Bold steps indicate plateau segments
100





Total gas age = 2.49 +/- 0.01 Ma 





Total gas age = 15.22 +/- 0.11 Ma
ER7 plagioclase
Total gas age = 10.63 +/- 0.06 Ma 




Mean age = 1.58 +/- 0.48 Ma
Wtd. mean age = 1.38 +/- 0.02 Ma





Total gas age = 7,38 +/- 0.04 Ma






Total gas age = 7.07 +/- 0.08 Ma
Max. age = 4.58 +/- 0.14 Ma
TD20 plagioclase
Total gas age = 8.85 +/- 0.05 Ma
Max. age = 7.21 +/- 0.05 Ma10
a





Plateau age = 7.88 +/- 0.32 Ma 
Total gas age = 12.18 +/- 0.06 Ma 
Steps 4-7




Appendix B. Age spectra for step heat ^ArT"Ar analyses and probability distribution plot 
for single crystal ^ A rf Ar analyses. Errors are lo . Bold steps indicate plateau segments.










Total gas age = 18.60 +/- 0.09 Ma
Max. age = 9.00 +/- 0.15 Ma
LB10 groundmass 
Plateau age = 10.50 +/- 0.10 Ma 
Total gas age = 13.22 +/- 0.33 Ma 
Steps 4-7









Total gas age = 20.91 +/- 0.13 Ma
Max. age = 10.62 +/- 0.12 Ma
LB11 groundmass 
Plateau age = 10.59 +/- 0.3: 
Total gas age = 15.76 +/- 0.: 
Steps 2-6
% k t  released = 61.5
SSMM2 biotite
Total gas age = 16.67 +/- 0.08 Ma 




Total gas age = 12.60 +/- 0.06 Ma







tB 1215.81 ±6.85 Ma
LB17 groundmass
Total gas age = 88.80 +/- 0.33 Ma





Total gas age = 21.00 +/- 0.23 Ma
Max. age = 11.03 +/- 0.22 Ma
109
Ar Released
Appendix B. Age spectra for step heat ^Ar/"Ar analyses of samples. Error for each stqi 
shown at lo . Bold steps indicate plateau segments.








Total gas age = 45.65 +/- 0.35 Ma
Max. age = 20.20 +/- 0.39 Ma
20 40 60 80
% “Ar Released
100
Appendix B. Age spectra for step heat ̂ A r/'A r analyses of samples. Error for each step 
shown at la . Bold steps indicate plateau segments.








BSP3 plagioclase BSP7 plagioclase
Isochron age = 8.00 +/- 0.60 Ma Isochron age = 8.65 +/- 0.35 Ma
"Aif"Ar -  330 +/- 37 "Ar/”Ar= 367 +/- 22
\  Steps 6-9 0.0030 Steps 3-13
MSWD = 2.7 MSWD = 1.9














Isochron age = 6.80 +/- 0.04 Ma _^ Isochron age = 9.30 +/- 0.05 Ma
.  "ArTAr=321+/-9 0.0030 K "ArTAr = 309 +/- 6Xj Steps 1-8 X, Steps 1-18
rx . MSWD = 2.1 MSWD = 1.5












SSMM3 plagioclase Tkbdl plagioclase
Isochron age = 8.58 +/- 0.13 Ma __, Isochron age = 9.08 +/- 0.06 Ma
"ArTAr = 326 +/- 9 0.0030
t  *Ar/“Ar = 306+/-8
X. Steps 6-12 X. Steps 1-8
\  MSWD = 1.7 \  MSWD = 0.47




X. %“Ar released = 79.1









Isochron age = 8.85 +/- 0.17 Ma Isochron age = 9.42 +/- 0.22 Ma
"Af/"Ar = 331 +/-11 0.0030 "AifAr=309+/-61v Steps 1-7 \  Steps 2-11
MSWD = 1.7 f x  MSWD = 2.0





0.00 0.05 0.10 0.15
"ArTAr
OjQ 0.00 0.05 0.10 0.15
"ArTAr
0.20
Appendix B. Isochron plots for step heat ^Ar/*Ar analyses of samples. Error ellipses 
shown at lo . Arrows on ^Ar/°Ar axes indicate the composition of atmospheric argon.


































%“Ar released = 27.8
0.04 0.08 0.12 0.16
0.0000




Isochron age = 8.37 +/- 0.21 Ma — ^ Isochron age = 3.86 +/- 0.08 Ma
*Ar/"Af=354+F14 0.0030 1 "ArrAr = 327+/-3Steps 3-9 N. Steps 1-5
MSWD = 2.2 X . M SW D-14




0.05 0.10 0.15 0.20 0.00 0.10 0.20 0.30 0.40
0.0040
SPD plagioclase Tkal plagioclase
Isochron age = 8.97 +/- 0.10 Ma Isochron age = 7.86 +/- 0.14 Ma
\  *Ar/*Ar = 296 +/- 5 0.0030
*Ar/“Ar = 394 +/-10
X. Steps3-6 Steps 6-9
\  MSWD = 0.61 MSWD = 1.5




x ^ ^ ^  %"Ar released = 51.8









Isochron age = 9.38 +/- 0.13 Ma __» Isochron age = 8.78 +/- 0.09 Ma
"ArTAr = 345 +/- 4
0.0030 X. *A rrA r=305+/-84 Steps 1-4 x ^  Steps 1-5
\  MSWD = 1.5 \  MSWD = 1.5








Appendix B. Isochron plots for step heat ̂ Ar/^Ar analyses of samples. Error ellipses 
shown at lo . Arrows on ̂ Ar/^Ar axes indicate the composition of atmospheric argon.
0.20








Tpa5 groundmass Tcall plagioclase
Isochron age = 9.44 +/- 0.21 Ma _ _ J Isochron age = 8.91 +/- 0.06 Ma
^  "AffAr = 321+7-5 0.0030 X  "ArrAr = 309+/-4X. Steps 3-11 X^ Steps 3-7
^  MSWD =1.6 \  MSWD = 1.4




X. %“Ar released = 73.2










Isochron age = 8.90 +/- 0.07 Ma __, Isochron age = 8.29 +/- 0.15 Ma
"Ad"Ar = 323+A8 0.0030 "ArrAr=382+/-10'X  Steps 2-7 Steps 4-6
X . MSWD = 2.3 MSWD = 0.28















0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20
0.0040
Tsb3 groundmass SBD groundmass
Isochron age = 8.95 +/- 0.21 Ma Isochron age = 10.96 +/- 0.29 Ma
k  "ArTAr = 307 +/- 3 0.0030- TAfTAr = 332 +/- 4Xi Steps 1-11 K  Steps 1-4
X t  MSWD = 0.54 V  MSWD = 0.45




%“Ar released = 33.4
0.00 0.05 0.10 0.15 0.20 0:00 0.05 O.fO 0 15 0.20
0.0040i
BM1 groundmass
Isochron age = 8.49 +/- 0.31 Ma
"A rrA r=338+/-4
X  Steps 1-12 0.0030
nXi, MSWD = 0.97





Isochron age = 8.49 +/- 0.47 Ma 
"A,rAr = 334+/-4  
Steps 1-15 
MSWD = 0.82 
Ar released = 100
0.10 0.20 0.30 0.00 0.10 0.20 0.30
Appendix B. Isochron ̂ ots step heat ̂ Ar/'Ar analyses of samples. Error ellipses 
shown at la . Arrows on ̂ ArT"Ar axes indicate the composition of atmospheric argon.







Isochron age = 2.21 +/- 0.02 Ma 
*Ar/"Ar = 331 +/- 6 
Steps 1-8 
MSWD-1








Isochron age = 2.09 +/- 0.17 Ma 
"Ai/"Ar-329+/-1 
Steps 1-5 
MSWD = 0.45 
"Ar released = 48.4










ER7 plagioclase ER8 plagioclase
Isochron age = 7.10 +/- 0.50 Ma __J Isochron age = 1.18 +/- 0.04 Ma
\  "AfrAr=311+/-55 0.0030 I "ArTAr = 343+/-5X . Steps 3-6 X . Steps 1-4
X.,^ MSWD -  2.6 X ^ ^  MSWD = 3.4




%“Ar released = 33.3





Isochron age = 2.97 +/- 0.22 Ma — ^
V *Ar/“Ar = 319+/-15
X^^ Steps 1-6 0.0030
XI 1 MSWD = 2.8





0.00 0.20 0.40 0.60 0.80
TD13 amphibole
Isochron age = 3.79 +/- 0.21 Ma
"Ar/"Ar = 326 +/- 4
Steps 1-14
MSWD = 1.4
%"Ar released = 75.7









Isochron age = 7.17 +/- 0.12 Ma __> Isochron age = 7.43 +/- 0.14 Ma
r "ArTAf=319+/-7 0.0030 \  "Ar/"Ar = 321+/-5iX . Steps 1-7 X .  Steps 1-9
X .  MSWD = 1.6 MSWD = 2.0




0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0,15
"AifAr _ _ "ArTAr
0.20
r# r# 
Appendix B. Isochron plots for step heat ^Ar/*Ar analyses of samples. Error ellipses
shown at la . Arrows on ̂ Ar/°Ar axes indicate the composition of atmospheric argon.





































Isochron age = 8.76 +/- 0.19 Ma
"Ar/“Ar = 338 +/- 2
Steps 1-11
MSWD =1.3
%®Ar released = 100
0.0000




Isochron age = 10.50 +/- 0.10 Ma Isochron age = 9.39 +/- 0.24 Ma
\  "ArTAr=295+/-3 0.0030 *ArrAr = 342+/-4X  Steps 4-9 t  Steps 1-8
X  MSWD = 0.95 X  MSWD = 1.1




0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20
0.0040
SSMM2 biotite LB14 groundmass
Isochron age = 9.14 +/- 0.27 Ma --- p, Isochron age = 7.71 +/- 0.18 Ma
®Ar/®Ar=336+/-1 0.0030 *Ar/*Ar = 341 +/- 5X .  Steps 1-7 X . Steps 1-13
MSWD = 0.31 X i  MSWD = 1.6











%®Ar released = 67.8
0.30 0.00
0.0040]—











%“Ar released = 61.7
0.300.20 0.30 0.40 0.00 0.10 0.20
"ArTAr "ArTAr
Appendix B. Isochron plots for step heat ̂ Ar/'Ar analyses of samples. Error ellipses
shown at la . Arrows on *̂Ar/"Ar axes indicate the composition of atmospheric argon.




Isochron age = 15.38 +/- 0.30 Ma 
"ArTAr = 332+7-1 
Steps 1-7 
MSWD = 1.4 







Appendix B. Isochron plots for step heat ̂ Ar/'Ar analyses of samples. Error ellipses 
shown at la . Arrows on ̂ ArT"Ar axes indicate the composition of atmospheric argon.
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Appcndii C. Pétrographie DegcripÜom of Canovas Canyon RhyoUte______________
Smmpk»; BD, WBD
Distinguishing Features: Contains K-feldspar and pyroxene ___________________
K-feldqar: 0.4%
phenocrvsts: 0.38 to 0.5 mm long; clear; lalh-shaped; eu- to subhedral;
unresorbed and resorbed rims; unzoned, discontinuous oscillatory, 
and continuous normal zoning; K-feldspar overgrows K-feldspar. 
glomerocrvsts: eu- to anhedral K-feldspar, plagioclase, and biotite 
phenocrysts; K-feldspar up to 1.63 mm long.
Plagioclase: 20.1%
phenoavsts & Aagments: -0.46 mm long; clear; laA-shaped; eu- to 
subhedral; unresorbed; unzoned and discontinuous oscillatory zoning. 
glomerocrvsts: plagioclase phenocrysts up to 2.08 mm long; all- 
plagioclase glomerocrysts have resorbed rims.
Biotite: 1.4%
phenocrvsts & fragments: 0.03 to 1.25 mm long; light red-brown; 
tabular; resorbed rims; overgrows CPX.
Orthopyroxene: trace
phenocrvsts: -1.38 mm long; clear; lath-shaped; eu- to subhedral; 
unresorbed.
Clinopyroxene: trace
phenocrvsts: 0.13 to 0.58 mm long; light green to clear; lath-shaped; 
sub- to anhedral; unresorbed; overgrows OPX and opaque oxides. 
Opaque Oxides: 0.2%
overgrown by clinopyroxene and in the matrix.
Matrix: 78% glass (all devitrified); 0.2% swallow-tailed plagioclase 
flow banding
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Appendix C. Pétrographie Description of Canovas Canyon Rhyolite___________ _
Samples: SSMM 2, ECP 5
Distinguishing Features: Contains hornblende and pyroxene___________________
Plagioclase: 24.2%
phenocrvsts  *  frapments: 0.1 to 8.0 mm long; clear; lath-skqied; 
sub- to anhedral; unresoibed and resorbed rims; unzoned and
discontinuous oscillatory zoning.
glomerocrvsts: plagioclase pbmocrysts tq) to 2.5 mm long;
plagioclase overgrows biotite, hornblende, and pyroxene.
Biotite: 3.1%
phenocrvsts & fragments: 0.38 to 2.5 mm long; dark red-brown; 
tabular; alteration rims common; some resorbed rims 
glomerocrvsts: most biotite occurs in the matrix.
Hornblende: 1.8%
phenocrvsts & fragments: 0.1 to 2.05 mm long; light brown; lath­
shaped; sub- to anhedral; some resorbed rims; hornblende overgrows 
hornblende.
Orthopyroxene: 0.9%
phenocrvsts: 0.45 to 1.75 mm long; clear, lath-shaped; euhedral; 
unresorbed.
Clinopyroxene; 0.2%
phenocrvsts & fragments: 0.28 to 0.53 mm long; light green; lath­
shaped; eu- to subhedral; unresorbed.
Opaque Oxides: 2.6%
overgrown by clinopyroxene and in the matrix.
Clot: laths of plagioclase overgrow hornblende and opaque oxides; 
intersertial material consists of devitrified glass and plagioclase. 
Matrix: 67% glass (all devitrified) and trace amounts of swallow-tailed 
plagioclase.
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Appendix C. Pétrographie Dewription of Cmnovm# Canyon RhyoIHe 
Samples: BSP 2 through 8
Distinguishing Features: Contains no hornblende or pyroxene _______________
K-fcldspar 0 to 0.9%
phenocrvst fragments: 0.33 to 1.13 mm long; clear; lath-shaped; 
euhedral; unresorbed; unzoned.
glomerocrvsts: K-heldspar phenocrysts iqito 1.0 mm long.
Plagioclase: 0.7 to 16.3%
phenocrvsts & fragments: 0.05 to 1.5 mm long; clear; lath-shaped; 
eu- to subhedral; unresorbed and uncommon resorbed cores; 
unzoned, discontinuous oscillatory and continuous normal zoning. 
glomerocrvsts: plagioclase phenocrysts up to 7 mm long; resorbed 
rims and plagioclase overgrowing plagioclase common; plagioclase 
overgrows biotite and opaque oxides.
Biotite: 0 to 1.7%
phenocrvsts & fragments: 0.13 to 2.0 mm long; red-brown; tabular; 
unresorbed; some biotite overgrowing biotite.
Opaque Oxides: trace
overgrown by feldspar and biotite and in the matrix.
Apatite: trace
0.2 mm long; clear; acicular; in matrix; overgrows zircon. For BSP 7. 
Zircon: trace
0.03 to 0.1 mm long; light brown; equant; euhedral; in plagioclase and 
biotite glomerocrysts and in the matrix. For all BSP samples.
Matrix: 81 to 99% (0 to 99% devitrified) and no swallow-tailed plagioclase 
petlitic, spherulitic, flow banded.
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Appendix C. Pétrographie DescrlpÜom of Canovas Canyon RhyoUte____________
Samples: Tkct, SCP 2
Distinguishing Features: Contains hornblende and pyroxene___________________
Plagioclase: 7.4%
phenocrvsts & fragments: 0.38 to 3.25 mm long; clear; lath-shaped; 
eu- to anhedral; unresorbed and resorbed rims; discontinuous 
oscillatory zoning.
glomerocrvsts: uncommon; plagioclase overgorws biotite and CPX; 
CPX overgrows some plagioclase; plagioclase phenocrysts have 
resorbed rims.
Biotite: 0.2%
phenocrvsts & fragments: 0.03 to 1.43 mm long; red-brown; tabular; 
unresorbed; unrimmed.
Hornblende; 0.7%
phenocrvsts: 0.1 to 0.95 mm long; light brown; lath-shaped; subhedral; 
hornblende overgrows hornblende and opaque oxides; unresorbed. 
OrAopyroxene: 0.4%
phenocrvsts: 0.45 to 0.9 mm long; clear; lath-shaped; euhedral; 
unresorbed.
Clinopyroxene: 0.2%
phenocrvsts & fragments: 0.28 to 0.53 mm long; clear; lath­
shaped; eu- to subhedral; unresorbed.
Opaque Oxides: 0.9%
overgrown by CPX and in the matrix.
Matrix: 90% (89% devitrified) and 1% swallow-tailed plagioclase 
glassy or vescicular
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Appendix C. Petrogrmphk Dwcriptlon of EE Rechuelos RhyoUte__________________
Snmples: ER 1, ER 2, ER 3, ER 4, ER 7, ER 9A, ER 9B
Dbtlngnlshing Feature»: Contmlns K-fiddxpar with pingloclnae____________________
K-feldqar 0 to 02%
phenocrvsts & ifragments: 0.33 to 1.33 mm long; clear, lath-shaped; 
anhedral; unresoibed and resorbed rims; unzoned. For ER 3.
Plagioclase: trace to 10.5%
phenocrvsts & fragments: 0.01 to 1.5 mm long; clear; lath-shaped; eu- 
to anhedral; unresoibed and resorbed rims; unzoned, continuous 
normal zoning and discontinuous oscillatory zoining; plagioclase 
commonly overgrows plagioclase and biotite. 
glomerocrvsts: eu- to anhedral plagioclase and biotite phenocrysts; 
glomerocryst plagioclase up to 2.38 mm long; some plagioclase 
overgrowing plagioclase where all phenocrysts in the glomerocryst 
are rimmed.
Quartz: trace to 0.7%
phenocrvsts: 0.04 to 2.0 mm wide; clear; equant; eu- to anhedral; 
unresorbed and resorbed rims; quartz overgrows quartz occasionally. 
glomerocrvsts: anhedral quartz phenocrysts overgrown by quartz; 
uncommon.
Biotite: trace to 0.2%
phenocrvsts: 0.03 to 1.25 mm long; light to dark brown or light brown- 
green; tabular; commonly rims chloritized 
Opaque Oxides: trace to 0.4%
overgrown by plagioclase and biotite and in the matrix.
Allanite: trace
< 0.01 mm long; clear; equant; euhedral; overgrown by plagioclase. 
Apatite: trace
0.02 mm long; clear; acicular; overgrown by plagioclase. 
forERj, ÆR4, ERA 
Zircon: trace
0.01 to 0.04 mm long; light brown; equant; euhedral; occurs individually 
in matrix or, less commonly, as clusters in matrix, 
fo r  EE 3, EE 7.
Matrix: 87 to 99% glass (63 to 96% devitrified); 1 to 5% swallow-tailed 
plagioclase
glassy; perlitic; sperulitic; fiow banding.
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Appendix C. Pétrographie PeKripdon of El Rechnek» RhyoUte________________
Sample: ER 6
Distinguishing Features; Contains hornblende_____________ ________ ________
Plagioclase: 24.5%
phenocrvsts & fiagmenls: 0.8 to 1.25 mm long; clear; ladi-shaped;
eu- to subhedral; discontinuous oscillatory zoning; mostly unresorbed; 
glomerocrvsts: plagioclase and biotite phenocrysts; uncommon.
Quartz: 0.9%
^dicnocrvsts&6agments: 0.13 to 0.93 mm wide; clear; equant;
resorbed rims.
Biotite: 4.60%
phenocrvst fragments: 0.03 to 0.16 mm long; light to dark brown; 
tabular; dark brown ladis; resorbed; light brown unresorbed; biotite
overgrows biotite occasionally.
Hornblende: 1.1%
phenocrvst fragments: 0.47 mm long; light brown-green; lath-shaped; 
unresorbed.
Opaque Oxides: trace
overgrown by plagioclase and biotite and in the matrix.
Allanite: 0.2%
0.11 mm long; clear; equant; anhedral; overgrown by plagioclase. 
Apatite: trace
0.03 to 0.1 mm long; clear; acicular; overgrown by biotite.
Matrix: 69% glass 
perlitic
Sample: ER 8
Distinguishing Features; Contains K-feldspar, no plagioclase____________________
K-Feldspar: 16%
phenocrvst fiagments: 0.5 to 2.5 mm long; clear; lath-shaped; 
unresorbed and resorbed rims.
Quartz: 9.9%
phenocrvsts & fraanents: 0.25 to 0.88 mm wide; clear; equant; 
unresorbed.
Biotite: 0.4%
phenocrvsts: 0.13 to 1.0 mm long; dark brown; mostly plucked from 
thin section.
Opaque Oxides: trace
overgrown by plagioclase and biotite and in the matrix.
Matrix: 74%
pumiceous
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Appendix C. Pétrographie Description of Jemez Dacite
Samplem: SSMM 3, Tcd 4, Tcd 5, Tcd 6, Tcd 9, Tkbd 1, Tkhd 2,
Tkhd 3B (mil Palizm Canyon Fm.)
Distinguishing Features:Containi Kttk matrix plagioclase_____________________
Plagioclase: 8.7 to 33.7%
phenocrvsts & fragmmls: 0.5 to 4.4 mm long; clear; Mr-shaped;
sub- to anhedral; unzoned, discontinuous oscillatory and continuous 
normal zoning; resorbed rims and/or bands and/or cores; no rimmed 
phmocrysts.
glomerocrvsts: plagioclase overgrows resorbed biotite, resorbed 
homblerrde, CPX, OPX, and opaque oxides 
Biotite: 0.2 to 3.7%
phenocrvsts: 0.4 to 5.5 mm long; red-brown; tabular; subhedral; 
unresorbed and resorbed rims common. 
glomerocrvsts: biotite overgrows hornblende and CPX and is 
overgrown ly  hombMde.
Hornblende: trace to 2.1%
phenocrvsts: 0.2 to 0.75 mm long; light brown; lath-shaped; sub- to 
anhedral; alteration rims common; unresorbed and resorbed rims. 
glomerocrvsts: resorbed rims fairly common;
Orthopyroxene: trace to 2.4%
phenocrvsts: 0.08 to 0.8 mm long; clear; lath-shaped; eu- to anhedral; 
overgrown by CPX; unresorbed.
Clinopyroxene: 0.2 to 1.4%
phenocrvsts: 0.1 to 0.8 mm long; light green; lath-shaped; sub- to 
anhedral; unresorbed and resorbed rims; overgrown by CPX.
Opaque Oxides: 0.4 to 2.5%
overgrown by CPX and in the matrix.
Clot: laths of plagioclase overgrow biotite and CPX; interlocking texture; 
contact is sharp and undulatoiy.
Matrix: 59 to 89% glass (almost completely devitrified) and trace to 2% 
swallow-tailed plagioclase.
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Appendix C. Pétrographie Degcripdon of Jemcz Dmcfte
Sample»: ECP 4, Tcd 1, Tcd 2, Tcd 3, Tcd 7, Tcd 8, Tkd 1, Tkhd 1,
Tkhd 3A, TDX, TD1 through TD 23 (Palizm Canyon and 
Tmchlcoma dadte)
Distinguishing Features: CPX rich__________________________________________
Plagioclase: trace to 32.5%
phenocrvsts & phenocrvst fragments: 0.40-5.5 mm long; clear; lath­
shaped; euhedral to anhedral; unresorbed and resorbed rims, bands 
and cores; unzoned, discontinuous oscillatory and continuous 
normal zoning; plagioclase overgrows plagioclase. 
glomerocrvsts: eu- to subhedral plagioclase, biotite, hornblende, OPX, 
and CPX; glomerocryst plagioclase up to 5 mm long; unresorbed and 
resorbed rims; plagioclase overgrows all other phases; OPX rarely 
overgrows plagioclase.
Biotite: trace to 3.8%
phenocrvsts & phenocrvst fragments: 0.05-2.35 mm long; red-brown; 
tabular; eu- to anhedral; unrimmed or biotite overgrowing biotite; 
unresorbed and resorbed rims
glomerocrvsts: eu- to anhedral; biotite up to 2.35 mm long; biotite 
overgrows hornblende, OPX, and CPX; biotite is rarely overgrown by 
hornblende.
Hornblende: 0.8 to 7.5%
phenocrvsts & phenocrvst fragments: 0.25 to 3.5 mm long; dark 
brown; lath-shaped; eu- to subhedral; unrimmed and hornblende 
overgrown by CPX; unresorbed and resorbed rims. 
glomerocrvsts: eu- to subhedral; hornblende up to 1.75 mm long; 
resorbed hornblende is overgrown by biotite and OPX that is either 
unresorbed or resorbed; hornblende overgrows OPX, CPX; 
hornblende is overgrown by CPX.
Orthopyroxene: trace to 2.4%
phenocrvsts & phenocrvst fragments: 0.05 to 1.15 mm wide; clear to 
light yellow; lath-shaped; eu- to anhedral; unresorbed and resorbed 
rims; unrimmed and OPX overgrowing OPX. 
glomerocrvsts: sub- to anhedral; OPX up to 0.80 mm long; overgrows 
OPX and opaque oxides.
Clinopyroxene: 4.1 to 7.3%
phenocrvsts & phenocrvst fragments: 0.25 to 3.5 mm long; light green; 
ladi-skqied; ai- to subhedral; unrimmod and CPX overgrown by CPX 
or hornblende; unresorbed and resorbed rims. 
glomerocrvsts: eu- to subhedral; CPX up to 1.75 mm long; overgrows 
plagioclase, biotite, hornblende, and opaque oxides.
Opaque Oxides: trace to 3.5%
overgrown by all other phases and in the matrix.
Clot: laths of plagioclase overgrow biotite, hornblende, and CPX; contains 
phenocrysts of hornblende, CPX, and OPX which are unresorbed or 
resorbed; abundant opaque oxides; plagioclase 30.7%; biotite 3.8%; 
hornblende, OPX, and CPX 21.8%; opaque oxides 2.5%.
Matrix: 41 to 99% glass (34 to 91% devitrified) and 0.8 to 15% swallow-tailed 
plagioclase; discontinuous flow banding, perlitic, pumiceous.
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Appendix C. Petrogrmpbic Description of JemezDacKe
Samples: TD 17A, TD 17B
Distinguishing Features: Contains no biotite or hornblende
Plagioclase: 4.3%
phenocrvsts: 0.9 to 2.5 mm long; clear; lath-shaped; sub- to anhedral; 
unzoned and discontinuous oscillatory zoning; sometimes 
plagioclase overgrows plagioclase; unresorbed and resorbtion bands. 
Orlhopyroxene: 0.4%
phenocrvsts: 0.25 to 0.6 mm long; clear; lath-shaped; euhedral; 
unresorbed.
Clinopyroxene: 0.6%
phenocrvsts: 0.25 to 1.35 mm long; light green; lath-shaped; euhedral; 
a &w resorbed rims.
C^taque Oxides: 1.1%
overgrown by clinopyroxene and in the matrix.
Clot ladiB of plagioclase overgrow biotite, hornblende, and opaque oxides; 
interlocking texture.
71.4% plagioclase, 28.6% opaque oxides, trace biotite, trace 
hornblende.
Matrix: 94% glass (89% devitrified), 4% swallow-tailed plagioclase 
nearly aphyric
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Appendix C. Pétrographie Description of Pmiiza Canyon Andésite_______________
Samples: BP 2, Tko# 2, SPD
Distinguishing Features: Contains olivine________________________________ ____
Plagioclase: 11.8 to 19.5%
phenocrvsts & fragments: 0.1 to 5 mm long; clear; lath-shqied; 
eu- to anhedral; unresorbed and resorbed rims, cores, and bands;
unzoned and discontinuous oscillatory zoning; unrimmed and 
plagioclase overgrowing plagioclase. 
glomerocrvsts: eu- to aidiedral plagioclase, OPX and CPX. 
OrAopyroxene: 0.6 to 1.8%
phenocrvsts & fragments: 0.2 to 1.0 mm long; clear; lath-shaped; 
sub- to anhedral; unresorbed and resorbed rims; unrimmed.
glomerocrvsts: sub- to anhedral OPX; CPX overgrows OPX. 
Clinopyroxene: trace to 6.4%
phenocrvsts & fragments: 0.3 to 0.7 mm long: light green; lath-shaped; 
sub- to anhedral; unresorbed and resorbed rims; unrimmed. 
glomerocrvsts: sub- to anhedral CPX; CPX overgrows OPX.
Olivine: 0.2 to 9.8%
phenocrvsts: 0.15 to 0.3 mm wide; clear; equant; sub- to anhedral; 
common alteration to iddingsite; unzoned, unrimmed, unresorbed. 
Opaque Oxides: 1.4 to 3.2%
overgrown by CPX and olivine and in the matrix.
Matrix: 69 to 76% glass (completely devitrified) and no to 0.2% swallow-tailed 
plagioclase
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Appendix c. Pétrographie PeKrlpüonofPaliza Canyon Andésite________________
Samples: ECP 2
Distinguishing Features: Contains biotite, little pyroxene________________________
Plagioclase: 17.8%
phenocrvsts & fragments: 0.3 to 3.0 mm long; clear; lath-shaped; 
sub- to anhedral; unresorbed and a few resorbed cores; unzoned 
and continuous normally and discontinuous oscillatory zoning; 
unrimmed.
glomerocrvsts: sub- to anhedral plagioclase, biotite, hornblende, and 
CPX; plagioclase up to 2.7 mm long.
Biotite: 1.3%
phenocrvsts & fragments: 0.3 to 1.4 mm long; red-brown; tabular; 
eu- to anhedral; alteration/resorbtion rims. 
glomerocrvsts: eu- to anhedral; biotite overgrows hornblende. 
Hornblende: 02%
phenocrvsts: 0.25 to 0.65 mm long; medium brown; lath-shaped; 
eu- to anhedral; alteration rims; unresorbed and a few resorbed rims; 
rare biotite overgrowing hornblende. 
glomerocrvsts: eu- to anhedral hornblende os overgrown by 
plagioclase and biotite.
Orthopyroxene: trace
phenocrvsts: <0.1 mm long; clear; lath-shaped; eu- to subhedral; 
unrimmed; unresorbed.
Clinopyroxene: trace
phenocrvsts: 0.25 to 0.65 mm long; light green; lath-shaped; eu- to 
subhedral; alteration rims; unresorbed. 
glomerocrvsts: sub- to anhedral; CPX overgrown by hornblende, 
biotite, and plagioclase.
Opaque Oxides: 1.8%
overgrown by CPX in the matrix.
Matrix: 79% glass (76% devitrified glass) and 2.4% swallow-tailed plagioclase
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Appendix C. Petrographk Descrlptlom of Paha Canyon Andésite_______________
Samples: SCO 2, PCA 1, Tkoa 1
Distinguishing Features: Contains biotite, abundant hornblende_________________
Plagioclase: 15.6%
phenocrvsts & fragments: 0.25 to 2 mm long; clear; lath-shaped; 
sub- to anhedral; resorbed cores and bands; plagioclase overgrowing 
plagioclase; unzoned, discontinuous oscillatory and continuous 
normal zoning.
glomerocrvsts & fragments: plagioclase phenocrysts up to 3.75 mm 
long; sub- to anhedral plagioclase, biotite, and hmnblende.
Biotite: 2.3%
phenocrvsts: 0.15 to 1.25 mm long; dark red-brown and green brown; 
tabular; subhedral; unresorbed and a few resorbed rims; unrimmmed. 
glomerocryst fragments: up to 0.5 mm long; subhedral plagioclase 
and biotite.
Hornblende: 4.3%
phenocrvst fragments: 0.1 to 2.75 mm long; medium brown; lath­
shaped; subhedral; unrimmmed; unresorbed and resorbed rims. 
glomerocryst fragments: subhedral; hornblende up to 2.75 mm long.
Orthopyroxene: 0.3%
phenocrvst fragments: 0.1 to 1 mm long; clear; lath-shaped; subhedral; 
unresorbed; unrimmed.
Opaque Oxides: 0.6%
overgrown by hornblende in the matrix.
Matrix: 77% glass (59% devitrified glass) and trace swallow-tailed plagioclase 
fiow banding
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Appendix C. Petrographk Description of PmHza Canyon Andésite_______________
Sample: Tea S
Distinguishing Features: Contains no biotite or hornblende ___________________
Plagjoclase: 15.1%
phenocrvsts & phenocrvst fragments: 0.15-6.0 mm long; clear; lath- 
shqped; eur to anhedral;unrimmed;unresosbed and resorbed cores; 
unzoned and discontinuous oscillatory zoning.
Ordiopyroxene: 0.5%
phenocrvsts & fragments: 0.10 to 1.50 mm long; clear to 
light yellow; lath-shaped; eu- to anhedral; unresorbed and resorbed 
rims; unzoned, OPX overgorwn by OPX.
glomerocrvsts: clear to light yellow; sub- to anhedral; OPX overgrows 
opaque oxides.
Clinopyroxene: 0.2%
phenocrvsts & phenocrvst fragments: 0.10 to 3.5 mm long; light green 
tabular; cu- to anhedral; CPX overgrown by CPX; unresorbed and 
resorbed rims.
glomerocrvsts: resorbed CPX phenocrysts overgrown by unresorbed 
plagioclase and OPX.
Opaque Oxides: 1.1%
overgrown by CPX in the matrix.
Matrix: 83% glass (82% devitrified) and 1.3% swallow-tailed plagioclase
Sample: Tea 12
Distinguishing Features: Plagioclase rich_____________________________________
Plagioclase: 37.7%
phenocrvsts & phenocrvst fi-aements: 0.15-6.0 mm long; clear; lath­
shaped; eu- to anhedral; plagioclase overgrows plagioclase; 
unresorbed and resorbed rims and bands; unzoned and discontinuous 
oscillatory zoning.
Orthopyroxene: 2.9%
phenocrvsts & fi-asments: 0.10 to 1.50 mm long; clear to
light yellow; lath-shaped; eu- to anhedral; unresorbed and resorbed
rims; unzoned, resorbed OPX overgrown by CPX.
glomerocrvsts: clear to light yellow; sub- to anhedral; OPX overgrows
opaque oxides.
Clinopyroxene: 4.8%
phaKXTVSts & pbmocrvst fiugments: 0.10 to 3.5 mm long: light green; 




overgrown by CPX in the matrix.
Matrix: 55% glass (55% devitrified) and trace swallow-tailed plagioclase
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Appendix C. Pétrographie Description of Paliza Canyon Andésite______________ _
Sampks: BP 3, ECP1, ECP 3, NBM, NCP 1, Pca 1, Tea 1, Tea 2,
Tea 3, Tea 4, Tea 5, Tea 6, Tea 9, Tea 10, T«* 11, Tea 13,
Tea 14, Tea 15, Tka 1, Tkha 1, Tkpa 1, Tkpa 2, SM 2,
SSMM6
Distinguishing Features; Contains no hornblende____________ _________________
Plagioclase: 22.4 to 27.7%
phenocrvsts & phenocrvst fragments: 0.15-6.0 mm long; clear; lath­
shaped; eu- to anhedral; unresorbed (Tea 10) or unresorbed and 
resorbed cores, bands, and rims; unzoned and discontinuous 
oscillatory and continuous normal zoning; unrimmed and plagioclase 
overgrowing plagioclase.
glomerocrvsts: eu- to anhedral; plagioclase overgrows OPX and CPX. 
Orthopyroxene: 1.5 to 3.7%
phenocrvsts & phenocrvst fragments: 0.10 to 1.50 mm long; clear to 
light yellow; lath-shaped; eu- to anhedral; unresorbed and resorbed 
rims; unzoned; unrimmmed.
glomerocrvsts: an- to subhedral; OPX overgrows opaque oxides 
Clinopyroxene: trace to 5.7%
phenocrvsts & phenocrvst fragments: 0.10 to 3.5 mm long; light green; 
lath-shaped; eu- to anhedral; unrimmed and CPX overgrown by CPX; 
unresorbed and resorbed rims; unzoned. 
glomerocrvsts: eu- to subhedral CPX and plagioclase; overgrows 
opaque oxides.
Opaque Oxides: 0.8 to 2.6%
overgrown by plagioclase, OPX, and CPX and in matrix.
Matrix: 65 to 94% glass (almost completely devitrified) and trace to 22% 
swallow-tailed plagioclase
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Appendix C. Pétrographie Description of Jemez Basalt
Snmpka: LB 2, LB 3, LB 6, LB 9, LB 12, LB 13
Distinguishing Features; Contains no plagioclase phenocrysts __________
Orthopyioxene: 1.2 to 2.1%
{Aenocrvsts: 1.35 to 1.55 mm long; clear; lath-sluqied; sub- to 
anhedral; highly resorted rims; unrimmed and Fe alteration rims. 
glomerocrvsts: sub- to anhedral OPX; CPX overgrows OPX.
ClinoRTOxene: 5.6 to 7.6%
pboiocrvsts: 0.2 to 4.6 mm long: light green; lath-shaped; sub- to 
anhedral; highly resorted rims common, a few resorted cores; 
unrimmed and Fe alteration rims.
glomerocrvsts: sub- to anhedral CPX; CPX overgrows OPX and 01.
Olivine: 10.8 to 14.8%
phenocrvsts: 0.05 to 2.5 mm wide; clear; equant; sub- to anhedral; 
rims commonly altered to iddingsite; unzoned, moderately resorbed 
rims.
Opaque Oxides: 3.1 to 4.3%
overgrown by CPX and olivine and in the matrix.
Matrix: 72 to 78%
62 to 64% acicular plagioclase, 8 to 17% equant CPX, no glass.
Samples: BP 1, BMP 3, Tab 3, Tab 5, Tcb 7, Tkb 1
Distinguishing Features: Contains little Ol, OPX
Plagioclase: 11.4%
phenocrvsts: 0.25 to 4.4 mm long; clear; lath-shaped; eu- to subhedral; 
unresorbed; unzoned, discontinuous oscillatory and continuous
normally zoned; unrimmed.
glomerocrvsts: sub- to anhedral plagioclase, CPX, and opaque 
oxides; plagioclase overgrows CPX and opaque oxides; plagioclase 
up to 3.55 mm long.
Clinopyroxene: 2.0%
phenocrvsts: 0.15 to 0.80 mm long; light green; lath-shaped; subhedral; 
unrimmed; resorted rims.
glomerocrvsts: anhedral; CPX overgrown by plagioclase, CPX up to 
1.25 mm long.
Olivine: 0.7%
phenocrvsts: 0.1 to 0.4 mm wide; clear; equant; subhedral; rims 
altered to iddingsite; unzoned, unresorbed.
Opaque Oxides: 0.5%
overgrown by plagioclase and CPX in the matrix.
Matrix: 80.0%
80% acicular plagioclase, 02% equant CPX, trace glass.
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Appendix C. Pétrographie Descrlptiom of Jouez BmwM
Samples: BMP 2, BM 1, BM 2, BM 3, BMf 1-2, WBMF
Distinguishing Features: Contains little plagioclase, CPX in the matrix_____________
Plagioclase: 2.7 to 3.3%
pboiocrvsts: 025 to 1.4 mm long; clear; laths and blades; sub- to 
anhedral; unresorbed and reswbed rims and cores (less common); 
unrimmed and plagioclase overgrowing plagioclase; unzoned,
discontinuous oscillatory and continuous normal zoning. 
glomerocrvsts: plagioclase phenocrysts up to 1.25 mm long; sub- to 
anhedral plagioclase, CPX, and olivine; plagioclase overgrows CPX 
and olivine.
Orthopyroxene: 0.4 to 1.3%
phenocrvsts: 0.90 to 1.75 mm long; clear; lath-shaped; anhedral; 
resorbed rims; Fe alteration rims; unzoned. 
glomerocrvsts: subherdal OPX and olivine.
Clinopyroxene: 1.0%
phenocrvsts: 0.45 to 1.95 mm long: light green; lath-shaped; anhedral; 
resorbed rims uncommon, unzoned; Fe alteration rims. 
glomerocrvsts: anhedral CPX and opaque oxides.
Olivine: 5.0 to 5.3%
phenocrvsts: 0.1 to 2.1 mm wide; clear; equant; sub- to anhedral; 
rims commonly altered to iddingsite; unzoned, moderately resorbed 
rims; unzoned.
glomerocrvsts: olivine up to 0.15 mm wide; subhedral olivine and OPX.
Opaque Oxides: 3.5 to 3.8%
in matrix and overgrown by OPX and CPX.
Matrix: 86 to 88%
51 to 59% acicular plagioclase, 26 to 32% equant CPX, -2% glass.
Sample: Tcb 6
Distinguishing Features: Contains no glomerocrysts____________________________
Plagioclase: 20.5%
phenocrvsts: 0.35 to 3.25 mm long; clear; lath-shaped; subhedral; 
unrimmed; resorbed cores and rims; cotinuous normal and minor 
discontinuous oscillatory zoning; no glomerocrysts.
Clinopyroxene: 0.7%
phenocrvsts: 0.25 to 0.5 mm long; clear; lath-shaped; sub- to anhedral; 
unrimmed; resorbed rims.
glomerocrvsts: anhedral CPX phenocrysts up to 1.0 mm long.
Olivine: 0.2%
phenocrvsts: 0.25 to 0.9 mm wide; clear; equant; sub- to anhedral; 
rims altered to iddingsite; unzoned, unrimmed; resorbed rims. 
glomerocrvsts: anhedral; olivine overgrown by plagioclase.
Opaque Oxides: 5.3%
overgrown by CPX and olivine in the matrix.
Matrix: 73.0%
68% plagioclase, 5% equant 01,0.3% glass.
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Appendix C. Pétrographie Description of Jemez Basalt
Sample: Tab 4
Diadngnhhing Feature»: Plaglociaae rkh, CPX In matrix
Plagioclase: 32.9%
phenocrvsts: 0.15 to 1.2 mm long; clear; lath-sh^ied; subhedral;
unrimmed and plagioclase overgrowing plagioclase; unresorbed and 
resorbed bands, cores and rims (uncommon); discontinuous 
oscillatory and continuous normal zoning. 
glomerocrvsts: uncommon; plagioclase iq) to 225 mm kmg; 
plagioclase overgrows OPX and OPX overgrows CPX.
Orthopyroxene; 1.5%
phenocrvsts: 0.40 to 0.65 mm long; clear; lath-shaped; subhedral;
resorbed rims; unrimmed; unzoned.
glomerocrvsts: clear; anhedral; OPX overgrows CPX.
Clinopyroxene: 6.9%
phenocrvsts: 0.33 to 1.1 mm long; light green; lath-shaped; subhedral; 
unrimmed; resorbed rims; unzoned. 
glomerocrvsts: subhedral; CPX up to 1.2 mm long.
Olivine: 5.5%
phenocrvsts: 0.1 to 1.6 mm wide; clear; equant; anhedral; rims altered 
to iddingsite; unzoned, highly resorbed rims. 
glomerocrvsts: anhedral; olivine overgrown by CPX.
Opaque Oxides: 2.6%
overgrown by CPX in the matrix.
Matrix: 51.0%
48% plagioclase, 1% equant CPX, 0.6% glass.
Samples: LB 1, LB 15
Distinguishing Features: Phenocryst poor
Plagioclase: 0.9%
phenocrvsts: -1.5 mm long; clear; lath-shaped; sub- to anhedral; highly 
resorbed rims and cores; unzoned and discontinuous oscillatory 
zoning; unrimmed and uncommon plagioclase overgrowing 
plagioclase; no glomerocrysts.
Orthopyroxene: 0.6%
phenocrvsts: 0.35 to 0.85 mm long; clear; lath-shaped; sub- to 
anhedral; resorbed rims; unrimmed; unzoned; no glomerocrysts.
Clinqpyroxene: 2.8%
phenocrvsts: -0.75 mm long; light green; lath-shaped; sub- to anhedral; 
resorbed rims; unzoned; unrimmed; no glomerocrysts.
Olivine: 5.5%
phenocrvsts: 0.1 to 0.55 mm wide; clear; equant; anhedral; resorbed 
rims; unrimmed; unzoned.
Opaque Oxides: 1.1%
found in the matrix.
Matrix: 89.0%
48% plagioclase, 13% equant CPX, 28% glass.
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Appendix C. Pétrographie DeacrlpNon of Jemez Basalt
Sampiea: SBD ^nUzn Canyon Fm.), LB 4, LB 5, LB 7, LB 8, LB10, 
LBll,LB14,LB16-23 
Dbdnguishing Feature»: OUvine rich, no OPX______________________________
Plagioclase: 3.6 to 7.7%
phenocrvsts & fragments: 0.25 to 4.5 mm long; clear; blade- and, 
uncommonly, lath-shaped; sub- to anhedral; unrimmed; unresorbed 
(blades) and resotbed rims, cores, and bands (ladis); unzoned, 
discontinuous oscillatory and continuous normal zoning. 
glomerocrvsts: uncommon; plagioclase up to 2.65 mm long; 
plagioclase overgrows CPX and olivine.
Clinopyroxene: 1.4 to 9.1%
phenocrvsts: 0.15 to 1.25 mm long; clear; lath-shaped; eu- to 
anhedral; unrimmed; unresorbed and resorbed rims; unzoned. 
glomerocrvsts: subhedral; uncommon.
Olivine: 2.6 to 25%
phenocrvsts: 0.1 to 1.75 mm wide; clear; equant; eu- to anhedral; rims 
altered to iddingsite; unzoned, slightly to highly resorbed rims. 
glomerocrvsts: anhedral aggregates of olivine (-0.15 mm wide); 
olivine overgrows opaque oxides.
Opaque Oxides: 0.4 to 4.4%
overgrown by olivine in the matrix.
Matrix: 51 to 85%
50-64% plagioclase, 7-27% equant CPX, 0-16% glass.






















Sampk UmR Qtz San Bio Hbl OPX CPX Opq AU Ap H rc TOT
ER3 El Rech 1.00 trace trace -= - trace - trace trace 1.00
ER4 El Rech 0.25 — 0.69 0.06 — ~ trace trace trace - 1.00
ER6 ElRedi 0.03 -- 0.79 0.15 0.03 - trace trace trace ~ 1.00
ER7 El Rech 0.05 — 0.78 0.14 0.03 — trace 1.00
ER8 El Rech 0.38 0.61 0.02 — " trace — „ „ 1.00
BD CCR 0.02 0.91 0.06 „ „ trace trace 0.01 “ trace 1.00
SSMM2 CCR — " 0.74 0.09 0.06 0.03 trace 0.08 — ““ 1.00
BSP 2 CCR trace — 1.00 0.00 — — ““ "" trace 1.00
BSP 3 CCR — "" 0.87 0.09 0.03 trace trace 0.01 — trace 1.00
BSP 5 CCR 0.08 0.75 0.15 "" ”” 0.02 — trace 1.00
BSP 6 CCR — trace 0.88 0.12 — — trace "" trace 1.00
BSP 7 CCR " " 0.91 0.04 "" " — 0.04 — trace trace 1.00
BSP 8 CCR trace trace 0.92 0.08 "" — trace — — trace 1.00
SCP2 CCR ““ 0.77 0.02 0.07 0.04 0.02 0.09 — 1.00






































Appendix C. Modal Abundances for Jemez Volcanic Field Dacite
Sampk Unit Pkg Bk Hbl OPX CPX Opq Qtz TOT
TD2 Tsch 0.50 0.12 0.32 0.01 — 0.05 1.00
TD3 Tsch 0.60 0.04 022 0.03 - 0.11 - 1.00
TDK Tsch 0.75 — - 0.04 0.15 0.06 - 1.00
TD9 Tsch 0.69 0.11 0.18 - 0.02 - 1.00
T D l l Tsch 0.68 0.06 0.23 - - 0.03 0.01 1.00
TD17A Tsch 0.67 — - 0.07 0.10 0.17 - 1.00
TD 17A Tsch 0.71 trace trace ~ - 0.29 — 1.00
TD 18 Tsch 0.77 0.01 ~ 0.05 0.13 0.03 - 1.00
TD19 Tsch 0.67 0.02 ~ 0.07 0.13 0.11 - 1.00
TD20 Tsch 0.69 0.02 - 0.05 0.18 0.06 - 1.00
TD24 Tsch 0.73 - - 0.07 0.16 0.03 — 1.00
TD25 Tsch 0.32 0.03 — 0.00 0.57 0.08 — 1.00
SSMM3 PC 0.73 0.12 0.02 0.04 0.02 0.08 — 1.00
Tkbdl PC 0.81 0.11 0.02 trace 0.03 0.03 " 1.00
Tkdl PC 0.08 ~ — 0.13 0.79 - -- 1.00
Tkhd2 PC 0.85 0.05 trace 0.03 0.01 0.06 -- 1.00
Tkhd3A PC 0.71 0.04 — 0.05 0.15 0.05 — 1.00
Tkhd3B PC 0.89 0.02 0.01 0.04 0.01 0.04 — 1.00
Tcd2 PC 0.72 - - 0.05 0.18 0.05 — 1.00
Tcd3 PC 0.50 0.01 0.31 0.04 0.07 0.07 - 1.00
Tcd4 PC 0.72 0.02 0.02 0.10 0.06 0.08 - 1.00
Tcd5 PC 0.83 —  ' 0.02 0.11 0.05 - 1.00
Tcd6 PC 0.74 0.09 0.05 0.04 0.02 0.06 ” 1.00
Tcd8 PC 0.90 — - 0.02 0.06 0.01 - 1.00
Tcd9 PC 0.83 0.01 — - 0.12 0.04 - 1.00
Tcd4 inc PC 1.00 trace trace trace trace trace - 1.00


































Appendk C. Modal Abundances for Jemez Volcanic Field Andésite
Sampk Unit Pkg B k Hbl OPX CPX Opq Ol TOT
BP2 PC 0.50 — — 0.03 — 0.06 0.41 1.00
ECP2 PC 0.84 0.06 0.01 trace trace 0.09 - 1.00
PCAl PC 0.67 0.10 0.19 0.01 - - 0.03 ~ 1.00
PCal PC 0.82 — — 0.10 0.02 0.07 — 1.00
Tca3 PC 0.79 - - 0.11 0.07 0.04 - 1.00
Tca6 PC 0.69 ~ 0.10 0.18 0.03 — 1.00
Tcag PC 0.90 — 0 03 0.01 0.07 - 1.00
TcalO PC 0.29 — 021 0.04 - 0.46 1.00
Tcal2 PC 0.52 - — 0.04 0.07 0.37 - 1.00
Tcal4 PC 0.80 - — 0.04 0.11 0.04 ~ 1.00
Tkoal PC 0.83 - — 0.04 0.07 0.06 — 1.00
Tkoa2 PC 0.63 — — 0.06 021 0.10 0.01 1.00
PC = Paliza Canyon Formation
Modal Abuadamce# for Jemez V okank Fkld BaaaK
Sampk Unit P kg OPX CPX Ol Opq TOT
BM 1 PC 023 0.09 0.07 0.37 024 1.00
BMf 1-2 PC 023 0.03 — 0.42 0.32 1.00
BMF 3 PC 0.78 - 0.13 0.05 0.04 1.00
SBD PC 0.61 — 0.19 0.17 0.03 1.00
Tsb4 PC 0.67 0.03 0.14 0.11 0.05 1.00
Tcb 6 PC 0.77 - 0.03 0.01 020 1.00
LB 1 Lob 0.09 0.05 026 0.49 0.11 1.00
LB5 Lob 028 — — 0.63 0.08 1.00
LB8 Lob 0.34 ~ — 0.54 0.12 1.00
LB9 Lob — 0.10 026 0.50 0.15 1.00
LB 10 Lob 0.13 — — 0.80 0.08 1.00
LB 12 Lob - 0.04 0.27 0.53 0.15 1.00
LB 14 Lob 0.15 - 0.37 0.47 0.01 1.00
LB 19 Lob 0.45 — 0.09 0.17 029 1.00
PC = Paliza Canyon Formation; Lob = Lobato basait to
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Appendix D. Keres Group EPMA Analyses of Feldspar
Roektype Spot Locatioi SM), AljOs TIO; F«0 MgO CmO KgO MmO Total
BSP3-lb trachydacite toward rim 60.63 24.03 0.00 0.32 0.02 5.56 7.62 0.82 0.00 99.00
BSP3-1C trachydacite toward core 61J9 23.48 0.00 0.35 0.00 5.21 7.67 0.99 0.02 99.12
BSP3-ld trachydacite toward core 65.85 18.97 0.03 0.35 0.00 0.87 5.70 6.97 0.01 98.76
BSPS-le trachydacite toward core 58.72 25.82 0.01 0.36 0.00 739 6.73 0.63 0.00 99.56
BSP3-lf trachydacite toward core 60.61 24.41 0.01 0.32 0.01 5.70 7.24 0.99 0.00 99.29
BSP3-lg trachydacite core 61.01 23.89 0.04 0.40 0.01 5.38 7.55 1.01 0.00 99.29
BSP3-2b trachydacite toward rim 65.04 19.39 0.06 0.50 0.02 0.93 5.89 6.68 0.00 98.50
BSP3-2C trachydacite toward core 60.80 24.06 0.01 0.32 0.02 5.54 7.43 1.03 0.00 9930
BSP3-2d trachydacite toward core 54.10 28.59 0.02 0.43 0.03 10.69 4.81 0.30 0.00 98.96
BSP3-2« trachydacite toward core 60.45 24.37 0.01 0.35 0.01 5.80 7.43 0.82 0.00 9932
BSP3-2g trachydacite toward core 5526 27.94 0.03 0.38 0.01 9.86 5.41 036 0.00 99.24
BSP3-2h trachydacite core 60.73 24.21 0.02 0.34 0.02 5.54 7.35 0.90 0.00 99.10
BSP3-3b trachydacite toward rim 60.16 24.50 0.05 0.32 0.00 5.86 7.14 0.83 0.00 98.86
BSP3-3C trachydacite toward core 60.32 24.05 0.04 0.35 0.01 5.62 7.22 1.03 0.02 98.66
BSP3-3d trachydacite core 59.09 25J8 0.04 0.38 0.01 6.93 6.90 0.69 0.00 99.42
BD4* rhyolite rim 64.72 19.23 0.00 0.27 0.00 0.42 5.59 739 0.03 97.56
BIMb rhyolite toward core 64.60 20.22 0.01 030 0.00 1.16 6.94 4.84 0.00 97.96
BD-4c rhyolite toward core 63.53 21.82 0.01 0.26 0.01 2.52 8.38 1.78 0.00 9839
BD-4d rhyolite toward core 63.87 21J 6 0.03 0.21 0.00 2.38 8.06 2.57 0.01 98.48
BD-4e rhyolite toward core 63.16 21.91 0.02 0.26 0.00 2.95 8.51 1.61 0.02 98.43
BD-4f rhyolite toward core 65.05 20.32 0.01 0.26 0.00 1.37 7.67 4.14 0.01 98.84
BD-4g rhyolite core 64.08 21.82 0.01 0.23 0.00 2.92 8.18 1.43 0.00 98.66
BD-5a rhyolite rim 66.15 19.32 0.04 0.22 0.00 035 630 6.90 0.00 9936
BD-5b rhyolite toward core 64.67 19J8 0.06 0.17 0.00 0.47 5.30 8.08 0.00 98.13
BD-5c rhyolite toward core 63.69 1938 0.02 0.16 0.00 0.38 5.44 8.09 0.00 97.16
BD-5d rhyolite toward core 64.40 21.25 0.01 0.24 0.01 2.18 8.70 1.87 0.00 98.67
BD-5e rhyolite toward core 61.30 24.03 0.02 039 0.00 4.99 7.88 0.71 0.00 99.23
BD-5f rhyolite toward core 65.26 20.50 0.00 0.21 0.00 1.32 7.89 3.81 0.03 99.02
BD-5g rhyolite toward core 64.79 19.35 0.03 0.18 0.00 0.45 5.56 7.93 0.01 9830
BD-5h rhyolite toward core 55.21 27.57 0.00 0.44 0.04 9.67 5.61 0.32 0.02 98.86
BD-5i rhyolite core 61.82 2339 0.00 0.31 0.03 4.53 8.02 0.84 0.00 98.94
BD-6a rhyolite rim 64.71 21.37 0.00 0.22 0.00 2.17 9.00 1.37 0.00 98.84
BD-6b rhyolite toward core 62.50 22.69 0.01 0.28 0.02 4.04 830 0.80 0.00 98.55
BD-6c rhyolite toward core 56.62 26.94 0.01 0.42 0.02 8.41 5.93 0.26 0.00 98.60
BD-6d rhyolite toward core 63.12 22.17 0.01 0.32 0.01 3.51 8.45 0.79 0.01 9838
BD-6f rhyolite toward core 64.59 19.22 0.02 0.20 0.00 0.54 5.62 6.97 0.03 97.18
BD-6g rhyolite toward core 63.84 21.62 0.00 0.24 0.00 2.66 8.29 1.78 0.01 98.43
BD-6h rhyolite core 57.28 25.78 0.01 0.38 0.01 7.69 6.60 0.41 0.02 98.18
SCP2-la trachydacite rim 60 J4 24.37 0.04 0.42 0.03 5.73 7.41 0.72 0.01 99.07
SCP2-1C trachydacite toward core 65.17 18.47 0.08 0.55 0.00 0.45 5.86 7.58 0.00 98.16
SCP2-ld trachydacite toward core 60.52 2433 0.04 0.42 0.01 5.90 7.27 0.90 0.00 99.40
SCPZ-le trachydacite core 58.98 25.22 0.02 0.38 0.04 6.89 6.59 0.61 0.00 98.73
SCP2-2a trachydacite rim 57.34 26.18 0.03 0.39 0.04 7.76 6.27 0.59 0.01 98.60
ECP5-la trachydacite rim 61.32 23.53 0.03 0.41 0.01 4.81 7.72 1.00 0.00 98.83
ECP5-lb trachydacite toward core 65.63 18.83 0.08 0.52 0.00 0.43 5.72 7.58 0.01 98.80
ECPS-lc trachydacite toward core 60.92 23.08 0.05 039 0.02 5.10 7.57 0.97 0.00 98.09
ECP5-ld trachydacite toward core 67.16 17.32 0.09 0.53 0.00 033 431 8.86 0.00 9838
ECP3-le trachydacite toward core 62.20 22.14 0.04 0.37 0.01 3.51 8.04 1.71 0.01 98.03
ECP5-lf trachydacite toward core 58.57 25.42 0.01 0.43 0.02 7.23 6.87 0.77 0.02 9933
ECM-lg trachydacite core 57.23 26.42 0.05 0.35 0.02 8.06 636 0.53 0.01 98.94
Total Fe expressed as FezO;
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Appendix D. Keres Group EPMA Analyses of Fekbpar
Rock type Spot Locatioi SK), A I A TK), FeO MgO CmO Nm%0 K%0 MmO Totml
sSMMZ-ls dacite core 57.08 27.04 0.03 0.58 0.04 8.80 5.99 0.58 0.00 100.14
KMM2- lt dacite core 55.80 27.98 0.04 0.70 0.08 9.94 5.45 0.31 0.00 10030
;SMM2-lc dacite rim 58.77 26.04 0.05 0.41 0.01 7.14 665 0.53 0.00 99.61
ISMMZ-ld dacite core 52.96 29.69 0.05 0.57 0.06 1230 4.29 0.23 0.00 100.15
5SMM2-2a dacite rim 60.09 24.77 0.03 0.46 0.03 6.43 7.23 0.75 0.01 99.80
:SMM2-2h dacite toward core 61.68 24.21 0.02 0.31 0.02 539 7.69 1.01 0.00 10033
;SMM2-2t dacite toward core 60.08 2530 0.03 037 0.01 659 7.11 0.74 0.00 10033
iSMM2-2d dacite toward core 61.96 23.86 0.02 035 0.00 5.05 7.77 1.07 0.02 100.10
lSMM2-2e dacite toward core 60.76 24.66 0.01 031 0.01 5.65 7.46 0.81 0.01 99.68
KMM2.21 dacite toward core 57.51 26.62 0.03 0.27 0.01 7.93 6.48 0.49 0.00 99.34
BMM2-2: dacite core 59.75 24.78 0.02 0.30 0.02 638 7.40 0.71 0.03 9937
;SMM2-3e dacite rim 6035 25.04 0.04 0.40 0.01 6.15 7.10 0.78 0.04 99.80
KMM2-3b dacite toward core 60.39 25.13 0.02 035 0.03 6.19 7.38 0.79 0.00 10037
1SMM2-3C dacite toward core 59.08 25.81 0.04 0.39 0.02 6.83 6.84 0.59 0.00 99.59
;SMM2-3e dacite toward core 56.51 27.63 0.03 0.37 0.02 9.54 5.81 0.39 0.00 10039
3SMM2-3I dacite core 55.94 2837 0.04 0.46 0.01 9.74 5.54 0.31 0.00 10039
BSP7-lm Thy. rim 61.35 2439 0.01 0.19 0.02 5.56 7.62 0.58 0.00 99.72
BSP7-lb rhy. toward core 59.43 25.92 0.01 0.25 0.01 7.28 6.93 0.44 0.00 100.26
BSP7-1C rhy. toward core 60.14 25.41 0.03 0.19 0.01 6.54 7.15 0.50 0.00 99.96
BSP7-M rhy. toward core 58.43 26.39 0.01 0.25 0.01 7.89 6.45 0.37 0.02 99.81
BSP7-1C rhy. core 59.89 25.27 0.01 0.25 0.01 6.47 6.91 0.51 0.00 9932
Tkhdl-la trachydacite rim 60.18 24.65 0.02 0.45 0.02 6.11 7.13 0.82 0.02 99.40
Tkhdl-lb trachydacite toward core 54.09 28.75 0.04 0.53 0.04 10.57 4.96 0.33 0.00 99.31
Tkhdl-lc trachydacite toward core 53.12 29.85 0.04 0.50 0.06 12.14 4.18 0.21 0.00 100.08
Tkhdl-ld trachydacite toward core 53.78 29.32 0.05 0.53 0.06 1136 4.61 0.22 0.00 99.84
Tkhdl-le trachydacite toward core 53.47 29.17 0.02 0.47 0.06 11.56 4.64 031 0.00 99.60
Tkhdl-lf trachydacite toward core 54.63 28.55 0.04 0.39 0.05 10.65 5.07 0.28 0.00 99.65
Tkhdl-lg trachydacite toward core 54.54 28.52 0.03 0.44 0.05 10.30 4.99 0.24 0.01 99.12
Tkhdl-lb trachydacite toward core 53.60 29.22 0.05 0.53 0.03 11.38 4.54 0.25 0.00 99.59
Tkhdl-H trachydacite toward core 57.20 26.57 0.00 0.45 0.03 8.65 5.59 0.86 0.00 99.35
Tkhdl-lj trachydacite toward core 59.10 25.94 0.00 0.23 0.01 7.15 6.85 0.49 0.00 99.76
Tkhdl-lk trachydacite toward core 57.98 26.29 0.01 0J24 0.02 7.82 6.08 0.43 0.01 98.88
TIAdl-U trachydacite toward core 56.27 27.61 0.02 039 0.02 8.93 5.55 0.32 0.01 99.01
Tkhdl-lm trachydacite core 55.32 28.22 0.03 0.36 0.02 9.81 5.55 0.25 0.00 99.55
Tkhdl-2a trachydacite rim 57.64 26.54 0.02 0.55 0.02 8.35 6.30 0.48 0.03 99.94
Tkhdl-2b trachydacite toward core 61.05 24.17 0.00 0.26 0.01 5.62 7.23 0.91 0.00 99.25
Tkhdl-2c trachydacite toward core 58.60 26.12 0.04 036 0.01 7.70 6.68 0.46 0.00 99.97
Tkhdl-2d trachydacite core 55.88 27 11 0.04 0.38 0.02 9.25 5.71 0.38 0.03 98.81
Tkhdl-3a trachydacite rim 54.40 28.61 0.06 0.65 0.03 10.88 4.90 0.33 0.00 99.85
Tkhdl-3b trachydacite toward core 56.91 27.46 0.03 0.35 0.04 9.15 6.01 0.36 0.00 100.31
Tkhdl-3c trachydacite toward core 54.27 29.02 0.01 0.37 0,05 11.09 4.90 0.22 0.00 99.92
Tkhdl-3d trachydacite toward core 55.15 28.50 0.02 0.43 0.05 10.42 5.05 0.25 0.05 99.92
Tkhdl-3e trachydacite toward core 55.61 28.17 0.00 0.42 0.03 9.74 5.37 0.31 0.00 99.64
T1didl-3f trachydacite toward core 56.97 27.28 0.05 038 0.03 9.06 6.00 0.32 0.00 100.09
Tkhdl-3g trachydacite core 54.35 28.95 0.03 0.37 0.03 11.18 4.89 0.25 0.00 100.05
Total Fe expressed as FejOs
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Rmdttype Spot Locatioi aO : A1A TiO; feO MgO CmO NmiO K,0 MmO Totml
Tkhdl-4a trachydacite rim 60.82 23.76 0.06 0.49 0.01 535 6.04 3.46 0.01 99.99
Tkhdl-4b trachydacite toward core 58.48 2634 0.04 0.40 0.02 7.82 639 0.66 0.02 100.06
TMxll-4« trachydacite toward core 58.76 25.87 0.00 033 0.03 7.56 6.64 0.60 0.00 99.78
Tkhdl-W trachydacite toward core 54.25 28.78 0.02 0.52 0.04 10.88 4.90 0.30 0.02 99.71
TkhdMe trachydacite toward core 52.72 30.12 0.02 0.51 0.04 12.45 4.06 035 0.01 100.16
TkhdW f trachydacite toward core 5338 29.78 0.01 0.52 0.02 11.69 4.41 0.21 0.02 100.04
TkhdMg trachydacite toward core 53.85 28.79 0.02 0.53 0.01 11.19 4.89 036 0.00 99.55
Tkhdl-4h trachydacite toward core 57.96 26.67 0.02 0.32 0.00 8.08 634 0.50 0.00 99.79
TUidl-4i trachydacite toward core 5636 27.50 0.00 0.35 0.03 935 5.58 036 0.01 99.54
Tiadl4 ) trachydacite core 55,36 27.62 0.02 0.40 0.02 9.97 5.39 037 0.00 99.05
Tkhdl-5a trachydacite rim 62.02 23.50 0.06 0.53 0.02 5.17 7.08 1.84 0.01 100.241
Tkhdl-5b trachydacite toward core 55.84 27.80 0.01 0.54 0.02 9.47 5.53 037 0.00 99.48 !
Tkhdl-5c trachydacite toward core 5533 28.21 0.05 0.51 0.04 10.31 5.18 035 0.00 99.88 I
Tkhdl-5d trachydacite toward core 54.43 28.85 0.06 0.49 0.03 11.15 4.80 0.30 0.00 100.11!
Tkhdl-5e trachydacite toward core 52.53 29.68 0.02 0.55 0.07 12.19 3.99 0.19 0.00 9932
Tkhdl-5f trachydacite toward core 63.65 21.02 0.05 0.73 0.07 2.96 6.78 337 0.00 98.63
Tkhdl-5g trachydacite toward core 62.12 22.40 0.03 0.57 0.03 436 6.59 3.50 0.00 99.50
Tkhdl-5h trachydacite core 54.69 27.96 0.01 0.45 0.00 10.23 4.94 0.82 0.00 99.10
Tcd9-la trachydacite rim 59.37 24.99 0.05 0.48 0.03 6.69 6.99 0.76 0.03 99.39
Tcd9-lb trachydacite toward core 57.67 26.35 0.05 0.48 0.04 7.84 6.26 0.63 0.00 9930
Tcd9-lc trachydacite toward core 56.95 26.47 0.08 0.48 0.03 8.70 6.19 0.55 0.00 99.44
Tcd9-ld trachydacite toward core 55.49 27.82 0.06 0.55 0.07 10.07 5.43 0.45 0.00 99.94
Tcd9-le trachydacite toward core 56.71 26.97 0.06 0.47 0.04 8.88 6.01 0.52 0.02 99.68
Tcd9-lf trachydacite toward core 56.32 27.20 0.03 0.48 0.03 9.14 5.53 0.47 0.00 99.20
Tcd9-lg trachydacite core 56.48 27.04 0.00 0.50 0.03 9.19 5.95 0.48 0.00 99 66
Ted9-2a trachydacite rim 60.04 24.45 0.04 0.49 0.03 5.62 7.33 0.92 0.00 98.92
Tcd9-2b trachydacite toward core 58.44 25.66 0.06 0.43 0.03 7.40 6.60 0.73 0.00 99.36
Tcd9-2c trachydacite toward core 59.98 24.81 0.02 0.34 0.01 6.31 7.15 0.98 0.00 99.60
Tcd9-2d trachydacite toward core 58.42 25.83 0.01 0.38 0.02 7.23 6.73 0.78 0.00 99.40
Tcd9-2e trachydacite toward core 57.12 26.99 0.03 0.35 0.01 8.55 6.05 0.54 0.00 99.63
Tcd9-2f trachydacite toward core 52.03 30.54 0.06 0.34 0.01 12.77 3.95 0.27 0.00 99.96
Tcd9-2g trachydacite toward core 52.83 29.55 0.02 0.43 0.01 11.88 4 45 0.27 0.02 99.45
Tcd9-2h trachydacite toward core 53.11 29.81 0.03 0.36 0.02 11.75 4.59 0.27 0.03 99.95
Tcd9-2i trachydacite toward core 59.79 24.77 0.02 0.40 0.03 6.33 7.15 0.73 0.00 99.21
Tcd9-2j trachydacite core 58.77 25.60 0.03 0.38 0.02 6.87 6.75 0.67 0.00 99.08
Tcd9-3a trachydacite rim 60.99 24.20 0.06 0.46 0.02 5.33 7.68 0.88 0.00 99.62
Tcd9-3b trachydacite toward core 56.28 2739 0.06 049 0.04 9.20 5.85 0.48 0.01 99.68
Tcd9-3c trachydacite toward core 6031 24.66 0.03 0.44 0.03 6.08 7.27 0.80 0.00 99.63
Tcd9-3d trachydacite toward core 58.52 25.73 0.01 0.40 0.04 7.58 6.57 0.58 0.04 99.48
Tcd9-3e trachydacite toward core 59.79 24.94 0.06 0.36 0.02 6.50 6.91 0.91 0.00 99.48
Tcd9-3f trachydacite toward core 58.11 2637 0.04 0.42 0.03 7.99 638 0.61 0.03 99.77
Tcd9-3g trachydacite toward core 60.09 24.70 0.02 036 0.01 5.85 6.84 0.93 0.00 98.80
Tcd9-3h trachydacite toward core 60.07 24.69 0.02 032 0.03 638 7.19 0.97 0.00 99.67
Tcd9-3i trachydacite toward core 58 15 2630 0.02 0.35 0.02 7.91 634 0.64 0.01 99.75
Tcd9-3j trachydacite toward core 59.69 24.92 0.05 0.35 0.03 632 7.05 0.83 0.00 99.24
Tcd9-3k trachydacite core 58.58 25.66 0.02 0.38 0.03 7.28 6 76 0.73 0.00 99.45
Tkbdl-la trachydacite rim 60.59 2436 0.00 0.42 0.01 5.69 7.57 0.87 0.00 99.41
Tkbdl-lb trachydacite toward core 58.64 25.96 0.04 0.47 0.01 7.53 6.59 0.52 0.00 99.76
Tkbdl-lc trachydacite toward core 59.97 24.85 0.04 0.44 0.01 5.98 7.07 0.93 0.00 99.29
Tkbdl-ld trachydacite core 58.64 25.77 0.04 038 0.01 7.26 6.84 0.60 0.00 99.54
Tkbdl-2a trachydacite rim 62.94 22.41 0.02 0.31 0.00 3.84 7.97 1.30 0.00 98.79
Tkbdl-2b trachydacite toward core 61.75 23.58 0.02 037 0.01 5.08 7.62 130 0.00 99.62
Tkbdl-2c trachydacite core 60.27 24.56 0.04 0.34 0.02 6.10 732 0.93 0.02 99.60
Total Fe expressed as F e A
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Appendix D. Keres Group EPMA Analyses of Fddspar
RoAlype Spot Locatioi SK); AliOs n o . FeO MgO CmO NmiO MnO Total
TcdS-la trachyandesite rim 58.71 24.32 0.21 0.97 0.08 833 4.79 1.30 0.00 98.61
Tcd8-lb trachyandesite toward core 63.17 21.56 0.17 0.85 0.06 5.47 6.11 1.45 0.00 98.83
Tcd8-lc trachyandesite toward core 60.85 23.45 0.04 0.51 0.03 5.49 7.31 1.09 0.01 98.78
Tcd8-ld trachyandesite toward core 59.36 24.90 0.01 0.47 0.04 6.64 6.91 0.93 0.01 9936
Tcd8-le trachyandesite toward core 5437 28.98 0.02 0.44 0.03 11.01 4.98 0.40 0.00 100.13
Tcd&lf trachyandesite toward core 5387 29.66 0.04 0.47 0.04 12.17 4.30 0.30 0.00 99.84
Tcd8-lg trachyandesite core 58.97 25.13 0.00 0.43 0.04 7.13 637 0.85 0.00 98.81
Tcd8-2a trachyandesite rim 54.01 28.17 0.06 0.66 0.06 11.03 4.83 0.40 0.01 9932
Tcd8-2b trachyandesite toward core 54.06 28.92 0.04 0.71 0.05 11.25 4.68 032 0.01 100.05
Tcd8-2c trachyandesite toward core 58.85 24.63 0.28 0.99 0.03 7.94 5.09 133 0.01 99.15
Tcd8-2d trachyandesite toward core 54.48 28.32 0.02 0.61 0.05 10.62 5.01 034 0.01 99.46
Tcd8-2e trachyandesite toward core 58.61 25.57 0.04 0.44 0.03 738 6.57 0.78 0.01 9933
Tcd8-2f trachyandesite core 57.05 26.45 0.05 0.45 0.04 8.54 6.02 0.68 0.01 99.29
Tcd8-3b trachyandesite toward core 58.74 25.32 0.02 0.50 0.02 7.06 6.66 0.91 0.00 99.22
Tcd8-3c trachyandesite toward core 54.89 28.36 0.01 0.46 0.03 10.34 5.02 0.43 0.03 99.58
Tcd8-3d trachyandesite toward core 58.62 25.69 0.04 0.47 0.03 7.30 6.56 0.82 0.01 99.52
Tcd8-3e trachyandesite core 55.00 2838 0.05 0.41 0.02 1031 5.17 0.46 0.04 99.63
Tcd2-la dacite rim 57.47 26.02 0.07 0.70 0.04 8.03 6.31 0.74 0.00 99.38
Tcd2-lb dacite toward core 55.60 27.25 0.07 0.70 0.04 9.61 5.51 0.49 0.00 9938
Tcd2-lc dacite toward core 57.38 26.59 0.05 0.65 0.05 8.48 6.01 067 0.00 99.87
Tcd2-ld dacite toward core 55.75 27.94 0.04 0.64 0.07 9.84 5.54 0.48 0.00 100.29
Tcd2-le dacite toward core 57.20 26.89 0.05 0.61 0.04 8.87 6.21 0.62 0.02 100.51
Tcd2-lf dacite toward core 52.59 29.99 0.06 0.62 0.04 1337 4.10 0.29 0.01 100.07
Tcd2-lg dacite core 52.70 30.29 0.06 0.58 0.05 12.42 4.05 0.29 0.00 100.43
Tcd2-2a dacite rim 51.78 30.64 0.03 0.64 0.05 12.85 3.93 0.25 0.00 100.17
Tcd2-2b dacite toward core 56.38 27.38 0.08 0.68 0.05 9.33 5.69 0.61 0.03 100.22
Tcd2-2c dacite core 52.47 30.46 0.02 0.65 0.03 1337 3.74 036 0.01 101.03
Tcd2-3a dacite rim 58.29 25.84 0.09 0.68 0.07 7.99 6.26 0.75 0.00 99.98
Tcd2-3b dacite toward core 56.32 27.53 0.08 0.68 0.06 9.62 5.66 0.53 0.00 100.47
Tcd2-3c dacite toward core 56.60 27.24 0.07 0.64 0.08 9.58 5.48 0.53 0.00 100.21
Tcd2-3d dacite toward core 56.26 27.25 0.06 0.66 0.07 9.46 5.62 0.58 0.00 99.94
Tcd2-3e dacite toward core 57.31 26.49 0.07 0.61 0.06 8.73 6.04 0.64 0.01 99.96
Tcd2-3f dacite toward core 54.51 28.60 0.08 0.59 0.06 11.19 4.76 039 0.00 100.19
Tcd2-3g dacite toward core 57.89 2638 0.09 0.62 0.07 8.19 6.06 0.74 0.02 99.96
Tcd2-3h dacite toward core 57.55 26.61 0.03 0.66 0.06 8.42 6.09 0.69 0.00 100.11
Tcd2-3i dacite core 56.97 27.27 0.08 0.67 0.06 9.19 5.67 0.59 0.02 100.52
Tkdl-la dacite rim 54.78 28.48 0.03 0.71 0.07 10.72 4.90 0.31 0.01 100.02
Tkdl-lb dacite toward core 55.87 27.56 0.03 0.71 0.07 9.95 5.37 0.31 0.00 99.88
Tkdl-lc dacite toward core 54.34 28.80 0.01 0.65 0.06 11.14 4.82 0.29 0.00 100.12
Tkdl-ld dacite toward core 57.14 26.88 0.04 0.62 0.05 9.07 5.95 0.43 0.00 100.17
Tkdl-le dacite core 5733 26.78 0.01 0.67 0.07 9.23 5.99 0.44 0,00 100.43
Tkdl-3a dacite rim 54.73 28.16 0.02 0.71 0.06 11.04 4.81 0.37 0.00 99.90
Tkdl-3b dacite toward core 57.92 25.91 0.17 1.09 0.12 9.83 4.04 0.85 0.00 99.93
Tkdl-3e dacite toward core 5389 30.08 0.06 0.43 0.03 12.33 3.74 035 0.01 99.81
Tkdl-3d dacite toward core 54.04 29.23 0.06 0.42 0.03 11.00 4.59 030 0.00 99.68
Tkdl-3c dacite core 56.30 27.48 0.04 0.44 0.04 9.68 5.52 0.38 0.00 99.87
Tkdl-2a dacite rim 56.39 27.22 0.04 0.66 0.06 9.62 5.47 036 0.02 99.83
Tkdl-2b dacite toward core 56.72 27.27 0.06 0.65 0.08 9.58 5.64 0.39 0.01 100.40
Tkdl-2c dacite toward core 54.38 28.74 0.03 0.73 0.07 11.19 4.81 0.26 0.00 10031
Tkdl-2d dacite toward core 56.34 27.55 0.05 0.67 0.07 9.92 5.44 0.34 0.01 100.40
Tkdl-2e dacite toward core 55.84 27.84 0.06 0.74 0.07 10.22 5.34 0.34 0.00 100.45
Tkdl-2f dacite toward core 56.04 27.71 0.05 0.65 0.07 10.06 5.55 0.36 0.00 100.48
Tkdl-2g dacite toward core 54.03 29.11 0.05 0.69 0.05 11.60 4.69 0.26 0.00 100.47
Tkdl-2h dacite core 56.66 27.11 0.04 0.73 0.06 9.17 5.74 0.42 0.00 99.92
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Appendâ D. Kercs Group EPMA Analyses of Feldspar
Sock type îpot Locatioi SM), AI2O3 TK)i FeO MgO CmO Nm%0 KaO MmO Totml
Tca6-la trachyandesite rim 53.78 29.28 0.04 0.75 0.06 1133 4.66 0.33 0.00 10032
Tc#6-lb trachyandesite toward core 55.70 27.36 0.12 1.37 0.33 10.16 4.77 1.05 0.04 100.90
Tca6-le trachyandesite toward core 58.32 26.05 0.07 0.55 0.09 8.07 6.44 0.56 0.00 100.15
Tca6-ld trachyandesite toward core 56.15 27.72 0.06 0.57 0.06 9.76 5.53 0.57 0.01 100.43
Tca6-le trachyandesite toward core 57.14 26.43 0.08 0.58 0.05 8.30 636 0.76 0.01 99.61
Tca6-lf trachyandesite core 56.43 27.70 0.06 0.51 0.03 939 5.64 0.65 0.00 100.41
Tca6-2a trachyandesite rim 56.45 27.08 0.07 0.84 0.07 937 5.71 0.34 0.01 99.81
Tc#6-2b trachyandesite toward core 57.45 26.61 0.06 0.71 0.05 8.61 6.00 0.58 0.00 100.07
Tca6-2c trachyandesite toward core 54.88 27.39 0.05 0.69 0.06 10.26 4.82 0.44 0.01 98.60
Tca6-2d trachyandesite toward core 58.13 26.17 0.07 0.59 0.04 8.13 6.25 0.76 0.00 100.13
Tca6-2e trachyandesite toward core 5537 27.49 0.08 0.61 0.05 10.24 530 0.47 0.02 99.43
Tca6-2f trachyandesite toward core 57.62 26.59 0.07 0.58 0.04 8.80 6.00 0.68 0.00 10038
Tca6-2g trachyandesite toward core 55.46 28.40 0.04 0.58 0.05 1039 5.03 0.45 0.00 10030
Tca6-2h trachyandesite core 55.32 27.98 0.04 0.55 0.07 10.12 5.39 0.41 0.02 99.90
Tca6-3a trachyandesite rim 57.37 26.74 0.09 0.68 0.07 8.75 5.95 0.58 0.00 100.23
Tca6-3b trachyandesite toward core 56.77 27.33 0.06 0.61 0.06 9.36 5.73 0.50 0.01 100.41
Tca6-3c trachyandesite core 57.67 26.78 0.06 0.60 0.06 8.61 6.06 0.61 0.01 100.46
Tcal2-4a trachyandesite rim 59.27 25.62 0.04 0.53 0.01 7.25 6.73 0.68 0.00 100.13
Tcal2-4b trachyandesite toward core 57.51 27.00 0.09 0.44 0.04 8.74 6.03 0.53 0.00 100.36
Tcal2-4c trachyandesite toward core 56.72 27.35 0.06 0.45 0.03 934 5.69 0.54 0.02 100.09
Tcal2-4d trachyandesite toward core 57.59 26.80 0.05 0.48 0.02 8.44 6.13 0.65 0.00 100.15
Tcal2-4e trachyandesite core 57.82 26.21 0.07 0.45 0.02 7.81 6.45 0.76 0.00 99.60
Tcal2-5a trachyandesite rim 60.05 25.34 0.04 0.57 0.01 6.57 6.93 0.74 0.00 10034
Tcal2-5b trachyandesite toward core 60.12 24.98 0.04 0.51 0.04 6.45 6.82 0.95 0.00 99.90
Tcal2-5c trachyandesite toward core 57.13 27.03 0.08 0.43 0.03 8.71 5.88 0.64 0.00 99.93
Tcal2-5d trachyandesite toward core 56.01 27.99 0.06 0.42 0.02 9.88 5.44 0.49 0.00 10031
Tcal2-5e trachyandesite toward core 56.66 27.15 0.09 0.46 0.03 9.03 5.72 0.59 0.01 99.74
Tcal2-5f trachyandesite core 54.98 28.86 0.06 0.45 0.03 10.50 5.01 0.43 0.02 100.32
Tcal2-6a trachyandesite rim 59.48 25.05 0.03 0.56 0.02 6.72 6.62 0.89 0.00 99.37
Tcal2-6b trachyandesite toward core 59.72 25.39 0.05 0.45 0.02 7.00 6.54 0.90 0.02 100.07
Tcal2-6c trachyandesite core 56.53 28.01 0.07 0.38 0.03 9.76 5.52 0.52 0.00 100.81
Tcal4-7a andésite rim 58.52 26.05 0.06 0.54 0.02 7.88 632 0.72 0.00 100.12
Tcal4-7b andésite toward core 53.60 29.48 0.09 0.46 0.04 1130 4.60 0.35 0.00 99.82
Tcal4-7c andésite toward core 55.32 28.49 0.02 0.45 0.05 10.25 5.24 0.44 0.00 10036
Tcal4-7d andésite core 58.59 26.13 0.06 0.52 0.03 7.77 6.25 0.69 0.01 100.04
Tcal4-8a andésite rim 55.16 28.04 0.05 0.70 0.04 9.99 5.22 0.50 0.03 99.74
Tcal4-8b andésite toward core 60.06 24.68 0.06 0.54 0.02 6.53 6.95 0.88 0.00 99.72
Tcal4-8c andésite toward core 60.15 23.99 0.09 0.59 0.03 5.33 6.74 1.79 0.00 98.70
Tcal4-8d andésite toward core 57.17 27.07 0.04 0.38 0.02 8.85 5.65 0.63 0.02 99.82
Tcal4-8e andésite core 57.17 27.62 0.03 0.36 0.02 9.19 5.98 0.50 0.01 100.88
Tcal4-9a andésite rim 55.25 27.87 0.07 0.73 0.04 10.13 5.40 033 0.00 99.82
Tcal4-9b andésite toward core 56.71 2711 0.04 0.64 0.05 9.22 5.60 0.54 0.02 99.94
Tcal4-9c andésite toward core 54.73 28.55 0.07 0.57 0.06 10.49 4.99 0.41 0.03 99.89
Tcal4-9d andésite toward core 55.92 28.03 004 0.59 0.05 9.86 5.35 0.46 0.00 10039
Tcal4-9e andésite core 56.55 27.17 0.07 0.58 0.06 9.36 5.63 0.53 0.01 99.95
Tca2-10a trachyandesite rim 57.59 26.61 0.06 0.61 0.07 8.50 6.03 0.57 0.01 100.04
Tca2-10b trachyandesite toward core 55.17 28.12 0.04 0.51 0.05 10.44 5.02 0.48 0.00 99.83
Tca2-10c trachyandesite toward core 53.87 29.43 0.04 0.55 0.06 11.53 4.50 0.37 0.00 10035
Tca2-10d trachyandesite toward core 57.71 26.69 0.05 0.56 0.08 8.56 6.08 0.70 0.00 100.43
Tca2-10e trachyandesite toward core 56.40 26 69 0.05 0.55 0.06 9.37 5.64 0.60 0.00 99.34
Tca2-10f trachyandesite core 55.01 28.55 0.07 0.51 0.06 10.77 4.93 0.62 0.00 100.50
Tca2-lla trachyandesite rim 58.14 25.68 0.07 0.47 0.04 8.40 6.12 0.86 0.00 99.77
Tca2-llb trachyandesite toward core 57.41 26.65 0.06 0.47 0.04 8.64 5.98 0.71 0.02 99.97
Tca2-llc trachyandesite core 58.07 26.09 0.04 0.45 0.03 7.50 6.23 0.88 0.00 9939
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Appendix D. Kerea Group EPMA Analyws of Fekbpmr
Rock type spot Locatioi SIO, AljOj FeO MgO CmO Nm,0 1^0 MmO Totml
Tca2-12a trachyandesite rim 57.60 26.73 0.07 0.60 0.06 8.52 5.87 0.64 0.00 100.08
Tca2-12b trachyandesite core 55.51 27.94 0.06 0.60 0.07 10.27 5.09 0.49 0.00 100.04
Tcm2-12c trachyandesite rim 57.47 26.79 0.03 0.59 0.07 8.66 5.89 0.65 0.00 10014
Tca2-12d trachyandesite toward core 55.09 2832 0.08 0.61 0.05 10.14 5.10 0.47 0.03 99.79
Tca2-12e trachyandesite core 57.65 2639 0.09 0.66 0.05 8.62 5.89 0.60 0.00 99.85
Tca2-13@ trachyandesite rim 58.00 25.88 0.08 0.46 0.08 8.02 5.65 1.05 0.00 9931
Tca2-13b trachyandesite toward core 58.19 26.46 0.07 039 0.03 832 639 0.84 0.00 100.48
Tca2-13c trachyandesite core 55.96 27.94 0.05 0.41 0.04 9.57 5.41 0.57 0.00 99.95
Tcm2.13d trachyandesite toward rim 5730 27.11 0.09 0.40 0.04 8.81 5.75 0.69 0.00 100.09
ECPl-la b. trachyandesite rim 54.53 28.26 0.03 0.63 0.02 10.90 4.99 0.23 0.01 99.59
ECPl-lb b. trachyandesite toward core 58.54 26.05 0.06 0.44 0.03 7.61 6.46 0.60 0.01 99.80
ECPl-lc b. trachyandesite toward core 55.37 28.38 0.06 0.43 0.03 10.18 5.24 0.44 0.00 10012
ECPl-ld b. trachyandesite core 57.94 26.49 0.03 0.51 0.01 836 6.40 0.48 0.03 100.14
ECPl-2a b. trachyandesite rim 57.39 26.74 0.06 0.57 0.05 8.86 6.00 0.59 0.00 10036
ECPl-2b b. trachyandesite toward core 56.82 2733 0.05 0.61 0.05 9.00 5.74 0.52 0.00 100.01
ECP1-2C b. trachyandesite toward core 56.28 27.02 0.04 0.60 0.05 9.31 5.79 0.58 0.00 99.66
ECPl-2d b. trachyandesite core 54.55 28.65 0.05 0.52 0.04 10.67 4.88 0.40 0.03 99.79
ECPl-3a b. trachyandesite rim 57.35 26.64 0.05 0.66 0.03 8.59 6.32 0.44 0.00 100.07
ECPl-3b b. trachyandesite toward core 56.92 27.12 0.05 0.60 0.05 8.97 5.89 0.53 0.00 10011
ECP1-3C b. trachyandesite toward core 57.73 2638 0.06 0.60 0.04 8.45 6.10 0.64 0.00 9999
ECPl-3d b. trachyandesite toward core 56.28 27.29 0.06 0.60 0.06 9.29 5.56 0.54 0.00 99.66
ECPl-3e b. trachyandesite toward core 56.43 27.37 0.03 0.62 0.05 9.38 5.44 0.50 0.00 99 81
ECPl-3f b. trachyandesite toward core 55.35 27.96 0.04 0.63 0.04 10.00 5.41 0.41 0.03 99.88
ECPl-3g b. trachyandesite toward core 57.75 26.59 0.04 0.49 0.05 8.57 6.05 0.66 0.01 10030
ECPl-3b b. trachyandesite core 56.98 27.21 0.05 0.55 0.04 8.97 5.70 0.49 0.03 100.02
ECP1-4U b. trachyandesite rim 56.55 26.88 0.05 0.67 0.04 9.22 5.87 0.46 0.00 99.74
ECPl-4b b. trachyandesite toward core 54.97 28.53 0.04 0.57 0.05 10.44 4.98 0.42 0.02 100.02
ECP1-4C b. trachyandesite toward core 57.34 26.84 0.06 0.59 0.04 8.65 5.89 0.58 0.00 99.99
ECPMd b. trachyandesite toward core 56.27 27.67 0.06 0.58 0.04 9.22 5.51 0.46 0.00 99.82
ECP1-4C b. trachyandesite toward core 56.22 27.54 0.07 0.57 0.05 9.43 5.42 0.50 0.00 99.81
ECPl-4f b. trachyandesite core 55.88 27.85 0.04 0.53 0.06 9.80 5.41 0.44 0.00 100.00
ECPl-5a b trachyandesite rim 5630 27.53 0.07 0.57 0.03 9.63 5.72 0.39 0.00 100.13
ECPl-5b b. trachyandesite toward core 56.33 27.19 0.06 0.53 0.05 9.14 5.57 0.60 0.01 99.47
ECP1-5C b. trachyandesite toward core 55.10 28.52 0.05 0.59 0.05 10.42 5.05 0.48 0.03 100.28
ECPl-5d b. trachyandesite toward core 55.38 28.36 0.05 0.60 0.04 10.20 5.07 0.50 0.00 100.19
ECPl-Se b. trachyandesite toward core 54.17 29.00 0.05 0.52 0.04 10.77 4.68 0.42 0.01 99.67
ECPl-5f b. trachyandesite toward core 57.19 26.86 0.04 0.53 0.04 8.67 5.76 0.69 0.01 99.79
ECPl-5g b. trachyandesite core 54.33 28.79 0.07 0.60 0.04 10.78 4.81 0.43 0.01 99.85
Tkoal-6a trachydacite rim 55.71 27.71 0.02 0.66 0.04 9.88 5.41 0.40 0.00 99.83
Tkoal-6b trachydacite toward core 53.85 29.35 0.02 0.53 0.05 11.42 4.56 0.27 0.01 100.06
Tkoal-6c trachydacite toward core 56.23 27.35 0.09 0.51 0.05 9.55 5.60 0.38 0.00 99.76
Tkoal-6d trachydacite toward core 55.44 28.47 0.08 0.50 0.04 10.65 5.23 0.35 0.00 100.77
Tkoal-6e trachydacite toward core 54.03 2933 0.06 0.47 0.03 11.11 4.66 0.33 0.00 100.02
Tkoal-6f trachydacite toward core 57.85 2634 0.06 0.48 0.04 8.36 6.36 0.55 0.00 100.03
Tkoal-6g trachydacite toward core 54.65 28.50 0.12 0.63 0.08 10.96 4.96 030 0.00 100.19
Tkoal-6h trachydacite core 52.90 29.75 0.04 0.52 0.06 12.36 4.19 0.24 0.00 100.08
Tkoal-7a trachydacite rim 55.42 27.71 0.02 0.59 0.04 10.19 5.27 0.34 0.00 99.57
Tkoal-7b trachydacite toward core 55.04 28.41 0.00 0.53 0.04 10.56 5.22 0.30 0.02 100.12
Tkoal-7c trachydacite toward core 56.50 27.37 0.05 0.53 0.06 9.17 5.58 036 0.00 99.62
Tkoal-7d trachydacite core 53.66 2938 0.03 0.53 0.05 11.61 4.50 036 0.00 100.01
Tkoal-8a trachydacite rim 55.27 28.02 0.04 0.60 0.03 9.61 536 0.33 0.01 99.26
Tkoal-8b trachydacite toward core 56.60 27.23 0.06 0.55 0.06 8.92 5.86 0.35 0.02 99.65
Tkoal-8c trachydacite toward core 5532 28.53 0.01 0.56 0.05 9.90 5.27 0.32 0.00 99.87
Tkoal-8d trachydacite core 58.01 25.73 0.07 0.84 0.13 8.12 631 0.65 0.00 99.84
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Appendix D. Kerea Group EPMA AnalyKs of Fekbpmr
Roektype 5 pot Locatioi SM): AljOj TK): FeO MgO CmO Nm%0 K:0 MmO Totml
Tkoal-9a trachydacite rim 56.81 27.15 0.08 0.70 0.03 8.93 5.89 0.42 0.00 100.00
Tkoal-9b trachydac te toward core 56.97 27.22 0.04 0.50 0.03 9.18 6.02 0.49 0.00 100.45
Tkoal-9c trachydac te toward core 55.60 27.60 0.04 0.51 0.05 9.44 5.64 0.42 0.01 9929
Tkoal-9d trachydac te toward core 57.55 26.89 0.03 0.50 0.04 8.58 612 0.58 0.00 10028
Tkoal-9e trachydac te toward core 57.60 26.54 0.01 0.45 0.04 8.54 6.24 0.64 0.03 100.11
Tkoal-9f trachydac te core 54.06 29.14 0.03 0.46 0.03 11.25 4.55 029 0.00 99.81
Tkoa2-10a trachyandesite rim 54.93 28.30 0.06 0.82 0.05 9.69 5.11 0.50 0.00 99.45
TkoaZ-lOb trachyandesite toward core 57.11 26.66 0.05 0.69 0.03 8.91 6.10 0.68 0.00 10023
rkoa2-10c trachyandesite toward cots 56.04 26.73 0.08 0.68 0.04 9.21 5.62 0.53 0.00 98.92
IkoaZ-lOd trachyandesite toward core 60.91 24.04 0.04 0.47 0.03 5.59 729 1.46 0.00 99.83
TkoaZ-lOe trachyandesite toward core 56.44 27.72 0.07 0.39 0.02 9.45 5.70 0.56 0.00 100.35
Tkoa2-10f trachyandesite toward core 59.03 25.62 0.07 0.43 0.04 7.22 6.69 0.94 0.00 100.03
Tkoa2-10g trachyandesite core 56.31 27.81 0.03 0.38 0.03 990 5.43 0.63 0.00 100.53
Tkoa2-lla trachyandesite rim 55.37 28.33 0.03 0.73 0.07 10.29 5.14 0.48 0.00 100.44
Tkoa2-llb trachyandesite toward core 52.91 30.04 0.07 0.56 0.09 12.13 4.13 021 0.00 10023
Tkoa2-llc trachyandesite toward core 54.07 2936 0.07 0.50 0.07 11.11 4.73 0.41 0.00 10020
Tkoa2-lld trachyandesite core 53.33 29.71 0.05 0.62 0.05 11.82 4.41 0.40 0.04 100.42
Tkoa2-12a trachyandesite rim 60.45 23.12 0.12 0.80 0.03 5J8 7.13 2.10 0.01 99.12
Tkoa2-12b trachyandesite toward core 58.11 2635 0.05 0.46 0.04 7.68 6.42 0.85 0.00 99.96
Tkoa2-12c trachyandesite core 58.18 26.03 0.03 0.49 0.02 7.94 6.48 0.85 0.00 100.02
Tcall-13a trachyandesite rim 64.65 19.87 0.15 0.43 0.00 1.49 6.36 5.85 0.01 98.81
Tcall-13b trachyandesite toward core 58.27 25.49 0.11 0.82 0.06 7.72 6.46 0.69 0.00 99.62
Tcall-13c trachyandesite toward core 54.54 2832 0.04 0.75 0.06 10.72 4.81 0.46 0.00 99.70
Tcall-13d trachyandesite toward core 58.03 25.91 0.07 0.55 0.04 7.75 6.28 0.91 0.00 99.53
Tcall-13e trachyandesite toward core 51.35 31.08 0.06 0.48 0.03 13.55 324 0.24 0.00 100.13
Tcall-13f trachyandesite toward core 58.80 25.57 0.10 0.58 0.05 7.16 6.41 0.90 0.00 99.57
Tcall-13g trachyandesite core 56.15 27.09 0.04 0.61 0.04 8.53 5.80 0.62 0.00 98 88
Teal 1-14a trachyandesite rim 57.57 25.98 0.16 0.82 0.06 8.21 5.99 1.26 0.00 100.04
rcall-14b trachyandesite toward core 53.78 29.41 0.02 0.64 0.05 11.63 4.45 0.35 0.00 100.33
Tcall-14c trachyandesite toward core 54.54 28.36 0.02 0.61 0.03 10.67 4.95 0.38 0.00 99.56
Tcall-14d trachyandesite core 60.98 24.07 0.03 0.46 0.02 5.58 6.96 1.47 0.00 99.58
Tcall-15a trachyandesite rim 63.02 22.05 0.11 0.55 0.00 3.65 7.85 2.21 0.00 99.44
Tcall-lSb trachyandesite toward core 55.56 27.45 0.13 0.81 0.04 9.85 5.27 0.87 0.00 99.98
Tcall-lSc trachyandesite toward core 58.52 25.61 0.09 0.55 0.05 7.57 6.43 0.99 0.01 99.83
Tcall-15d trachyandesite toward core 53.94 28.66 0.07 0.54 0.05 10.86 4.88 0.47 0.00 99.48
Teal1-15e trachyandesite toward core 58.37 25.51 0.02 0.53 0.04 7.36 6.58 1.05 0.03 99.50
Teal 1-15f trachyandesite core 58.62 25.46 0.03 0.58 0.04 7.09 6.47 1.01 0.00 9929
Tpa5-5a b. trachyandesite rim 54.85 27.69 0.12 0.95 0.12 10.22 4.99 0.52 0.00 99.46
Tpa5-5b b. trachyandesite toward core 48.71 32.56 0.03 0.50 0.06 15.52 2.42 0.12 0.01 99.93
Tpa5-5c b. trachyandesite toward core 53.90 28.90 0.05 0.49 0.09 11.11 4.72 0.29 0.00 99.55
Tpa5-5d b. trachyandesite toward core 4936 32.20 0.01 0.56 0.06 14.86 2.76 0.16 0.00 99.87
Tpa5-5e b. trachyandesite core 49.35 31.65 0.02 0.56 0.06 14.68 2.81 0.15 0.00 9927
Tpa5-6a b. trachyandesite rim 55.87 26.52 0.15 0.88 0.10 9.28 5.80 0.61 0.00 9923
Tpa5-6b b. trachyandesite toward core 51.98 29.68 0.07 0.69 0.10 12.33 3.95 0.29 0.00 99.08
Tpa5-6c b. trachyandesite toward core 55.98 26.92 0.10 0.77 0.10 9.53 5.40 0.57 0.04 99.40
Tpa5-6d b. trachyandesite toward core 51.06 30.61 0.06 0.69 0.07 13.22 3.61 024 0.00 99.56
Tpa5-6e b. trachyandesite core 55.13 27.50 0.11 0.74 0.09 10.07 524 0.50 0.00 9927
Tpa5-7a b. trachyandesite rim 54.84 28.11 0.06 0.86 0.11 10.64 4.87 0.39 0.00 99.88
Tpa5-7b b. trachyandesite toward core 54.53 28.14 0.05 0.71 0.10 10.83 4.87 0.44 0.00 99.67
Tpa5-7c b. trachyandesite toward core 51.29 30.81 0.06 0.55 0.08 1121 3.33 0.23 0.02 99.56
Tpa5-7d b. trachyandesite toward core 53.52 2933 0.12 0.69 0.09 11.56 4.57 0.38 0.00 100.27
Tpa5-7e b. trachyandesite core 53.42 29.09 0.10 0.70 0.07 1122 4.57 0.37 0.00 99.63 1
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Appendix D. Kerea Group EPMA Anmlyaes of Feldapar
Roektype 5pot Locatioi SM), A W , TIO: FeO MgO CmO Nm,0 i w MmO Totml
Tkal-8a andésite rim 58.78 25.67 0.02 0.36 0.02 7.24 6.40 0.73 0.00 9921
Tkal-8b andésite toward core 56.39 27.17 0.03 0.34 0.02 8.95 5.72 0.50 0.00 99.11
Tkal-8c andésite core 60.84 23.46 0.03 0.34 0.03 5.02 725 1.33 0.05 98.34
Tkal-9a andésite rim 5421 28.27 0.02 0.61 0.06 10.69 4.67 0.34 0.01 98.86
Tkal-9b andésite toward core 54.24 2829 0.03 0.49 0.05 10.83 4.88 0.44 0.00 99.26
Tkal-9c andésite core 54.15 2826 0.03 0.49 0.03 10.75 5.03 0.41 0.00 99.24
PCA-lOa dacite rim 57.59 26.09 0.00 0.28 0.03 7.22 6.33 0.49 0.00 98.02
PCA-lOb dacite toward core 62.08 2325 0.01 0.19 0.00 4.49 8.04 0.99 0.02 99.05
PCA-lOc dacite toward core 60.69 2420 0.01 0.20 0.00 5.58 7.40 0.73 0.00 98.90
PCA-lOd dacite toward core 5925 25.01 0.01 0.22 0.00 6.66 6.95 0.58 0.01 98.69
PCA-lOe dacite core 60.47 24.13 0.00 0.20 0.00 5.28 7.69 0.76 0.02 98.54
PCA-lla dacite rim 55.58 27.40 0.00 0.35 0.00 9.69 5.37 0.29 0.00 98.68
PCA-llc dacite toward core 55.58 27.59 0.00 0.32 0.01 9.54 5.41 0.33 0.01 98.79
PCA-lld dacite core 56.83 26.94 0.00 0.23 0.02 8.68 6.07 0.37 0.00 99.13
PCA-12a dacite rim 58.64 25.57 0.03 0.28 0.02 7.03 6.66 0.53 0.00 98.76
PCA-12b dacite toward core 58.26 25.65 0.00 0.22 0.01 7.03 6.82 0.55 0.02 98.56
PCA-12C dacite toward core 58.14 26.29 0.00 0.22 0.01 7.73 6.42 0.49 0.00 99.31
PCA-12d dacite toward core 61.24 23.86 0.00 0.20 0.01 5.46 7.55 0.85 0.00 99.16
PCA-12C dacite core 61.48 23.71 0.00 0:14 0.00 5.21 7.42 0.74 0.00 98.80
SBD-7a basait rim 56.27 27.73 0.14 0.90 0.09 9.27 5.67 0.41 0.00 100.47
SBD-7b basait toward core 50.61 30.74 0.08 0.61 0.24 13.42 3.47 0.17 0.00 99.33
SBD-7C basait core 51.11 31.06 0.04 0.60 0.10 13.81 3.58 0.16 0.00 100.44
SBD-8a basait rim 5207 3011 0.06 0.58 0.15 12.93 3.97 0.17 0.01 100.03
SBD-8b basait toward core 51.69 30.13 0.09 0.51 0.16 13.28 3.74 0.13 0.00 99.72
SBD-Sc basait core 50.76 30.88 0.03 0.53 0.12 13.98 3.50 0.17 0.00 99.97
SBD-9a basait rim 54.55 28.18 0.09 0.79 0.10 10.63 5.15 0.30 0.00 99.78
SBD-9b basait toward core 51.35 30.78 0.04 0.52 0.10 1254 3.58 0.16 0.00 99.07
SBD-9C basait core 49.93 31.70 0.02 0.54 0.13 14.53 2.95 0.10 0.00 99.90
SBD-lOa basait rim 53.12 29.19 0.06 0.97 0.24 11.75 4.63 0.27 0.00 100.23
SBD-10b basait core 50.26 31.43 0.05 0.44 0.13 14.47 3.06 0.10 0.00 99.94
Tsbl-lla basait rim 54.11 28.77 0.05 0.61 0.04 10.93 4.97 0.39 0.02 99.89
Tsbl-llb basait core 55.89 27.81 0.08 0J5 0.02 9.51 5.48 0.49 0.01 99.64
Tsbl-12a basait rim 51.32 30.52 0.07 0.71 0.04 12.90 3.63 0.24 0.02 99.44
Tsbl-12b basait toward core 55.12 28.52 0.10 0.65 0.06 10.65 5.17 0.45 0.01 100.73
Tsbl-12c basait toward core 53.93 29.06 0.07 0.57 0.10 11.39 4.91 0.33 0.00 100.36
T:bl-12d basait core 54.09 29.28 0.07 0.56 0.05 11.60 4.80 0.32 0.00 100.76
BMl-9a basait rim 53.25 29.20 0.08 0.77 0.13 12.17 4.46 0.29 0.00 100.33
BMl-9b basait toward core 50.99 31.26 0.03 0.45 0.14 14.08 3.34 0.13 0.05 100.46
BM1-9C basait core 5226 30.04 0.05 0.43 0.15 12.77 3.89 0.20 0.00 99.78
BMl-lOa basait rim 53.81 29.08 0.08 0.80 0.12 11.78 425 0.29 0.00 100.31
BMl-lOb basait toward core 54.87 27.87 0.11 0.80 0.19 10.38 5.12 0.39 0.00 99.73
BMl-lOc basait toward cor? 51.24 30.93 0.04 0.46 0.11 13.56 3.52 0.18 0.00 100.04
BMl-lOd basait toward core 50.93 31.52 0.04 0.48 0.14 14.04 3.25 0.16 0.00 100.54
BMl-lOe basait toward core 51.17 31.03 0.03 0.47 0.14 13.56 3.26 0.16 0.01 99.82
BMl-lOf basait toward core 51.90 30.82 0.05 0.44 0.15 13.57 3.56 0.19 0.00 100.68
BMl-lOg basait toward core 53.69 28.69 0.09 0.78 0.10 11.69 4.62 0.33 0.01 99.99
BMl-lOh basait core 53.54 28.84 0.08 0.77 0.10 11.50 4.49 0.37 0.00 99.67
Total Fe expressed as Fê Og
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Appendix D. Polvuderm Group EPMA Analyw: of Feldapar
Rock type Spot Location SK), AljOs MgO c«o KaO MnO Totml
ER4-1# rhyolite rim 66.51 19.09 0.03 0.04 0.00 0.14 4.19 10.68 0.00 100.67
ER4-lb rhyolite toward core 65.92 19.15 0.02 0.05 0.00 0.14 3.48 11.75 0.00 100.52
ER4-1C rhyolite inclusion rim 65.14 22.14 0.00 0.10 0.00 2.82 9.15 0.91 0.00 10025
ER4-ld rhyolite inclusion core 65.11 22.00 0.00 0.11 0.00 2.87 923 1.02 0.00 10024
ER4-le rhyolite toward core 65.45 18.86 0.00 0.08 0.00 0.08 3.51 11.61 0.00 99.60
ER4-lf rhyolite inclusion rim 64.63 22.11 0.00 0.12 0.00 2.90 8.77 1.05 0.00 99.58
ER4-lg rhyolite inclusion core 65.61 2224 0.00 0.13 0.01 3.09 9.09 0.96 0.00 10124
ER4-lh rhyolite toward rim 65.60 18.97 0.02 0.02 0.00 0.13 3.52 11.72 0.01 99.98
ER4-lj rhyolite inclusion core 65.63 21.66 0.00 0.12 0.00 2.46 922 1.13 0.01 10023
ER4-2a rhyolite rim 6627 19.19 0.00 O.M 0.00 0.08 3.87 11.09 0.00 100.58
ER4-2b rhyolite toward core 65.61 18.91 0.01 0.06 0.00 0.14 3.60 11.60 0.01 99.94
ER4-2C rhyolite core 65.97 18.77 0.02 0.08 0.00 0.11 3.58 1129 0.00 99.92
ER4-2d rhyolite toward rim 65.50 18.83 0.00 0.09 0.00 0.10 3.76 1127 0.00 99.55
ER4-2C rhyolite rim 6628 18.93 0.00 0.10 0.00 0.14 3.56 11.33 0.00 10024
ER6-3# rhyolite rim 59.02 26.65 0.00 0.18 0.02 7.17 6.60 0.35 0.01 100.00
ER6-3b rhyolite toward core 5855 26.78 0.02 0.20 0.01 8.14 6.46 0.36 0.00 100.51
ER6-3C rhyolite toward core 55.88 2826 0.00 0.27 0.01 9.78 5.40 0.20 0.00 99.81
ER6-3d rhyolite toward core 56.86 27.78 0.00 0.24 0.03 9.22 5.79 026 0.01 100.18
ER6-3C rhyolite toward core 56.51 28.08 0.00 0.20 0.02 9.64 5.38 0.26 0.00 100.08
ER6-3f riiyolhe toward core 62.15 23.94 0.00 0.11 0.01 5.63 7.74 0.50 0.00 100.08
ER6-3g rhyolite toward core 57.30 27.34 0.00 0.17 0.01 8.81 5.99 0.31 0.00 99.92
ER6-3h rhyolite core 57.90 27.09 0.01 0.17 0.02 8.84 6.18 0.32 0.00 100.51
ER6-4a rhyolite rim 58.86 26.53 0.00 0.20 0.01 7.80 6.83 0.36 0.00 100.59
ER6-4b rhyolite toward core 56.32 28.57 0.01 0.25 0.02 10.06 5.44 0.25 0.00 100.92
ER6-4C rhyolite toward core 59.80 25.89 0.00 0.14 0.00 7.31 6.92 0.40 0.01 100.47
ER6-4d rhyolite toward core 56.99 27.49 0.00 0.16 0.02 8.91 6.00 020 0.00 99.86
ER6^e rhyolite core 56.46 27.58 0.01 024 0.00 9.56 5.82 0.25 0.00 99.92
ER6-5a rhyolite rim 58.89 26.43 0.00 0.13 0.00 7.83 6.85 0.36 0.00 100.48
ER6-5b rhyolite toward core 59.92 25.85 0.03 0.14 0.00 6.72 6.75 0.43 0,00 99.84
ER6-5d rhyolite toward core 60.47 25.74 0.02 0.11 0.00 6.42 7.22 0.44 0.00 100.40
ER6-5C rhyolite core 60.50 25.34 0.00 0.14 0.00 6.57 7.36 0.46 0.01 10028
ER7-6a rhyolite rim 63.20 23.52 0.00 0.18 0.00 4.36 8.40 0.83 0.02 100.52
ER7-6b rhyolite toward core 60.57 24.69 0.01 0.20 0.01 5.99 7.74 0.53 0.01 99.75
ER7-6C rhyolite toward core 57.22 27.72 0.03 0.28 0.01 8.88 6.18 0.32 0.00 100.63
ER7-6d rhyolite toward core 57.47 2721 0.02 025 0.02 8.71 6.25 0.33 0.01 100.37
ER7-6e rhyolite core 56.62 28.05 0.00 0.22 0.02 9.36 5.89 0.29 0.02 100.46
ER7-7a rhyolite rim 63.48 23.13 0.00 0.18 0.00 4.22 8.55 0.94 0.00 100.50
ER7-7b rhyolite toward core 61.68 24.31 0.00 0.19 0.02 5.36 7.70 0.63 0.00 99.88
ER7-7C rhyolite toward core 63.10 23.71 0.01 0.18 0.01 4.80 8.09 0.70 0.02 100.61
ER7-7d rhyolite toward core 60.07 25.25 0.01 0.25 0.01 6.12 6.68 0.50 0.00 98.91
ER7-7e rhyolite toward core 60.91 24.71 0.00 024 0.00 5.95 7.51 0.61 0.01 99.94
ER7-7f rhyolite toward core 60.40 25.05 0.01 0.24 0.02 6.49 7.46 0.53 0.00 100.20
ER7-7g rhyolite toward core 5829 26.56 0.02 0.26 0.01 822 6.84 0.41 0.00 100.70
ER7-7h rhyolite core 58.40 26.53 0.01 0.20 0.01 7.84 6.78 0.41 0.01 100.19
ER8-9a rhyolite rim 67.13 19.08 0.00 0.20 0.00 0.28 6.44 728 0.00 100.42
ER8-9d rhyolite toward core 67.10 1920 0.01 0.21 0.00 0.25 6.22 729 0.00 100.49
ER8-9b rhyolite toward core 67.08 19.04 0.00 0.19 0.00 0.20 6.09 7.34 0.00 99.95
ER8-9C rhyolite core 67.27 19.30 0.00 021 0.00 025 6.44 7.32 0.00 100.78
Total Fe expressed as Fe^O;
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Appendix D. Polvadera Group EPMA Analyses of Feldspar
Rock type Spot Location SM), AI2O3 TM), Fe,0 , ' MgO CmO Nm:0 1^0 MnO Totml
TD14-la dacite rim 56.51 27.59 0.00 0.37 0.02 9.33 5.77 0.34 0.00 99.92
TD14-lb dacite toward core 60.01 24.93 0.00 0.23 0.03 6.70 6.79 0.62 0.00 9931
TD14-1C dacite toward core 5520 28.62 0.03 0.36 0.03 10.78 5.09 0.29 0.02 100.41
TD14-ld dacite toward core 59.02 26.15 0.01 0.23 0.00 7.45 6.50 0.50 0.00 99.87
TD14-le dacite toward core 58.10 26.23 0.01 0.24 0.03 8.10 6.44 0.40 0.00 99.56
TD14-lf dacite toward core 58.33 26.73 0.00 0JZ2 0.00 7.81 6.43 0.44 0.01 99.98
TD14-lg dacite toward core 57.58 26.96 0.02 0.22 0.01 8.23 6.37 0.44 0.00 99.82
TD14-lh dacite core 57.55 26.43 0.01 0.22 0.02 8.12 638 0.43 0.01 99.07
TD14-2b dacite rim 56.73 27.58 0.01 0J5 0.02 9.42 5.59 037 0.02 100.09
TD14-2a dacite toward core 55.84 27.85 0.02 0.34 0.02 9.88 5.47 0.31 0.00 99.73
TD14-2C dacite toward core 5625 27.48 0.01 0.34 0.03 9.15 5.60 0.35 0.00 9931
TD14-2d dacite toward core 55.98 27.81 0.02 0.31 0.02 9.80 5.50 033 0.02 99.79
TD14-2f dacite toward core 55.96 27.87 0.03 0.36 0.01 9.90 5.43 0.33 0.00 99.89
TD14-3a dac te rim 60.90 24.61 0.00 0.22 0.02 5.95 7.40 0.62 0.00 99.72
TD14-3b dac tc toward core 59.67 25.57 0.01 0^4 0.00 6.88 7.05 0.53 0.00 99.95
TD14-3C dac te toward core 60.67 25.19 0.00 0.22 0.01 5.98 7.53 0.57 0.00 100.18
TD14-3d dac te toward core 59.78 25.36 0.00 0.21 0.01 6.98 7.00 0.54 0.00 99.87
TD14-3C dac te toward core 61.13 24.77 0.02 0.24 0.01 5.97 7.06 0.65 0.00 99.84
TD14-3f dacite toward core 58.26 26.80 0.03 0.22 0.00 8.17 6.32 0.43 0.02 100.24
TD14-3g dacite toward core 59.93 25.09 0.03 0.25 0.00 6.51 7.22 0.64 0.01 99.68
TD14-3h dacite toward core 57.25 27.28 0.03 0.25 0.01 8.95 6.02 0.35 0.00 100.13
TD14-31 dacite toward core 60.35 25.07 0.02 0.22 0.00 6.46 7.33 0.62 0.00 100.07
TD14-3J dacite toward core 60.33 25.21 0.00 0J21 0.01 6.47 7.24 0.65 0.00 100.13
TD14-3k dacite toward core 57.50 26.81 0.01 0.18 0.01 8.23 6.26 0.41 0.00 99.42
TD14-31 dacite toward core 60.77 24.60 0.00 0.23 0.00 5.79 7.48 0.71 0.00 99.59
TD14-3m dac e toward core 59.80 25.34 0.01 0.24 0.01 6.82 7.16 0.56 0.00 99.94
TD14-3n dac toward core 57.83 26.83 0.00 0.24 0.01 8.23 6.40 0.41 0.00 99.94
TD14-30 dac toward core 60.52 25.05 0.00 0.25 0.00 5.85 7.42 0.62 0.00 99.72
TD14-4a dac e core 57.01 26.97 0.00 0.51 0.07 8.69 6.09 0.40 0.00 99.73
TD14-4b dac core 57.93 26.67 0.02 0.22 0.01 8.16 6.33 0.40 0.00 99.73
TD14-4d dac e core 56.50 27.78 0.04 0.47 0.02 9.48 5.73 0.34 0.01 100.36
TD14-4f dac e core 57.16 27.21 0.01 0.37 0.03 8.69 6.02 0.37 0.00 99.86
TD14-4g dac core 56.69 27.45 0.05 0.66 0.02 9.32 5.77 0.33 0.00 10039
TD14-5a dac rim 61.82 24.26 0.01 0.20 0.00 5.28 7.68 0.73 0.00 99.99
TD14-5b dac e toward core 59.59 25.73 0.00 0.18 0.01 6.93 6.95 0.57 0.00 99.96
TD14-5C dac e toward core 60.42 25.06 0.02 0.20 0.01 6.16 7.27 0.65 0.00 99.79
TD14-5d dac core 54.08 29.26 0.01 0.21 0.00 11.26 4.89 0.25 0.04 100.00
TD14-SC dac toward rim 58.99 26.05 0.00 0.23 0.00 7.01 6.94 0.51 0.03 99.75
TD14-5f dac toward rim 56.48 27.36 0.01 0.17 0.00 8.63 6.07 034 0.01 99.08
TD14-5g dac e toward rim 60.31 25.31 0.00 0.20 0.00 6.40 7.15 0.59 0.01 99.96
TD20-6b ande te toward rim 5421 28.63 0.06 0.65 0.02 11.30 434 0.52 0.01 99.84
TD20-6d ande te toward core 54.67 28.03 0.04 0.64 0.05 1034 4.83 0.52 0.02 99.12
TD20-6e andes te toward core 59.06 25.25 0.02 0.26 0.00 7.09 6.73 0.82 0.00 99.22
Total Fe expressed as Fe^O,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
233
Appendix D. Pohraderm Group EPMA Ammiyie» of Fdikpgr
Rock type Spot Location KOi AI^Oj TK), F e A ' MgO CmO Nm%0 1^0 MmO Totml
TD20-7a andésite rim 5128 29.70 0.02 0.62 0.07 1232 4.32 0.25 0.00 99.46
TD20-7b andésite toward core 54.31 28.51 0.06 0.62 0.02 10.52 4.66 0.83 0.00 99.53
TD20-7C andésite toward core 58.68 26.26 0.00 0.28 002 7.66 6.57 0.69 0.00 100.16
TD20-7d andésite toward core 60.18 25.48 0.01 039 0.01 6.54 6.99 0.78 0.00 10039
TD20-7e andésite toward core 60.63 24.60 0.01 0.28 0.02 5.86 6.75 0.99 0.00 99.13
TD20-7f andésite toward core 60.65 24.12 0.01 039 0.01 5.56 7.23 1.08 0.01 98.95
TD20-7g andésite toward core 60.51 24.79 0.00 0.28 0.02 6.06 7.19 0.86 0.01 99.71
TD20-7h andésite toward core 58.14 26.16 0.00 0.28 0.01 8.06 6.39 0.61 0.00 99 66
TD20.7I andésite toward core 58.46 25.94 0.00 038 0.02 719 6.57 0.67 0.02 99.16
TD20-7j andésite toward core 60.34 25.10 0.00 0.31 0.01 6.52 7.06 0.77 0.00 10011
TD20-7k andésite toward core 56.90 26.89 0.03 032 0.01 8.84 5.85 0.48 0.00 9932
TD20-71 andésite core 58.59 26.13 0.01 0.32 0.03 7.57 6.49 0.67 0.00 99.80
TD20-8a andésite rim 53.14 29.08 0.04 0.67 0.06 11.07 4.57 035 0.02 99.00
TD20-8b andésite toward core 59.41 25.40 0.00 031 0.00 6.90 6.65 0.79 0.02 99.48
TD20-8C andésite toward core 5935 2535 0.00 0.28 0.01 6.77 6.86 0.86 0.00 9937
TD20-8d andésite toward core 59.25 25.27 0.03 0.32 0.00 6.96 6.89 0.80 0.00 99.52
TD20-8e andésite core 58.05 26.43 0.00 038 0.01 834 5.96 0.59 0.02 99.58
TD10-9a andésite rim 56.97 2663 0.01 0.44 0.02 8 58 6.07 0.50 0.01 9932
TD10-9b andésite toward core 57.34 27.05 0.00 034 0.00 8.85 5.87 0.37 0.00 99.73
TD10-9C andésite toward core 54.08 29.43 0.02 0.23 0.02 11.01 4.75 0.26 0.00 99.79
TD10-9d andésite core 56.68 2736 0.02 030 0.01 9.20 5.90 0.35 0.00 99.72
TDlO-lOb andésite toward rim 60.16 24.89 0.01 0.20 0.01 6.41 7.39 0.63 0.03 99.72
TDlO-lOc andésite toward core 55.79 27.74 0.00 0.38 0.03 9.81 5.34 0.36 0.01 99.45
TDlO-lOd andésite toward core 57.01 27.33 0.00 0.39 0.03 8.61 5.99 0.33 0.01 99.71
TDlO-lOe andésite toward core 54.50 28.65 0.03 0.40 0.04 10.69 530 0.39 0.00 99.89
TDlO-lOf andésite core 52.82 29.71 0.00 0.51 0.04 12.15 4.43 0.22 0.01 99.89
TD24-lla rachyandesit rim 54.11 28.57 0.05 0.63 0.06 11.16 4.65 039 0.00 99.63
TD24-llb rachyandesit toward core 55.49 28.17 0.04 0.56 0.04 10.52 4.98 0.42 0.02 100.24
TD24-11C rachyandesit core 54.79 28.61 0.02 0.57 0.05 10.69 4.94 0.42 0.00 100.09
TD24-12a rachyandesit rim 52.77 29.84 0.06 0.80 0.04 12.08 4.03 0.29 0.00 99.91
TD24-12b rachyandesit toward core 5834 26.39 0.05 0.46 0.02 8.04 6.31 0.67 0.00 100.28
TD24-12C rachyandesit toward core 59.53 25.22 0.04 0.42 0.03 6.92 6.57 0.97 0.01 99.73
TD24-12d rachyandesit core 58.35 25.93 0.04 0.45 0.02 7.80 6.43 0.84 0.00 99.86
TD24-13a rachyandesit rim 58.90 25.23 0.04 0.46 0.02 6.99 6.68 0.84 0.01 99.16
TD24-13b rachyandesit toward core 56.08 28.00 0.05 0.48 0.03 10.02 5.33 0.51 0.01 100.51
TD24-13C rachyandesit core 56.19 27.39 0.04 0.52 0.03 9.16 5.59 0.58 0.00 99.49
TD13-la dacite core 56.09 2731 0.03 0.36 0.03 9.34 5.48 0.34 0.00 98.88
TD13-lb dacite core 56.11 27.35 0.00 0.45 0.03 938 5.56 0.33 0.01 99.12
TD13-1C dacite core 57.89 25.83 0.00 036 0.01 7.67 6.44 0.45 0.00 98.53
TD13-2a dacite rim 55.45 27.95 0.02 039 0.03 10.03 5.30 0.30 0.00 99.46
TD13-2b dacite toward core 59.87 24.98 0.00 033 0.01 6.68 6.95 0.61 0.00 99.33
TD13-2C dacite toward core 57.73 25.47 0.03 0.18 0.01 7.82 630 0.45 0.00 97.90
TD13-2d dacite toward core 59.94 24.86 0.00 0.17 0.00 6.12 6.97 0.63 0.02 98.72
TD13-2e dacite toward core 55.71 27.36 0.00 0.37 0.03 9.70 5.42 031 0.00 98.90
TD13-2f dacite core 58.24 26.25 0.00 0.18 0.00 8.08 6.42 0.47 0.00 99.65
Total Fe expressed as FezO,
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Appendix D. Pohraderm Group EPMA Analyses of Fehkpar
Rock type Spot Location SK): A IA TK)i MgO CmO Nm,0 KxO MnO Totml
TD13-3a dacite rim 57.06 26.45 0.03 0.33 0.02 8.59 6.04 0.41 0.00 98.92
TD13-3b dacite toward core 55.36 27.86 0.01 039 0.03 934 5.40 0.30 0.00 98.68
TD13-3C dacite toward core 58.64 25.61 0.00 0.17 0.01 7.39 6.53 0.49 0.00 98.85
TD13-3d dacite toward core 58.19 26.12 0.00 031 0.00 7.58 6.47 0.44 0.00 99.00
TD13-3e dacite toward core 58.48 26.12 0.01 0.15 0.00 7.93 642 0.46 0.00 99.57
TD13-4# dacite toward core 55.20 27.62 0.01 0.40 0.04 9.45 5.51 033 0.00 98.56
TD13-4b dacite toward core 54.81 28.03 0.02 0.40 0.05 10.08 5.19 031 0.00 98.88
TD13-4C dacite toward core 56.95 27.00 0.02 0.32 0.02 8.82 5.82 0.33 0.02 99.30
TD13-4d dacite core 59.36 25.36 0.00 031 0.03 6.85 6.86 0.58 0.00 9934
TDl-lb dacite rim 57.02 27.16 0.00 039 0.03 8.75 6.04 038 0.00 99.68
TDl-lc dacite toward core 56.88 27.55 0.02 0.43 0.04 9.64 5.35 0.64 0.00 100.55
TDl-ld dacite toward core 61.18 24.45 0.02 0.17 0.01 5.86 7.33 0.81 0.01 99.83
TDl-le dacite toward core 60.68 24.70 0.00 0.19 0.00 6.11 7.45 0.69 0.01 99.83
TD l-lf dacite toward core 58.69 26.38 0.00 0.19 0.02 7.72 6.54 0.50 0.00 100.04
TDl-lg dacite toward core 60.87 24.75 0.00 0.21 0.01 5.91 7.52 0.69 0.00 99.95
TDl-lh dacite core 61.91 23.97 0.02 0.19 0.01 5.32 7.94 0.91 0.00 100.27
TDl-2a dacite rim 57.17 27.07 0.03 0.30 0.01 8.50 6.25 0.43 0.03 99.78
TDl-2b dacite toward core 52.90 29.85 0.01 0.43 0.03 1115 438 0.19 0.02 99.86
TD1-2C dacite core 54.51 28.83 0.02 0.43 0.05 11.01 4.84 0.26 0.00 99.94
TDl-3a dacite rim 58.00 26.53 0.02 0.35 0.02 8.13 6.41 0.53 0.00 99.98
TDl-3b dacite core 55.64 28.27 0.03 0.48 0.06 9.81 5.24 0.30 0.00 99.83
TD1-3C dacite rim 57.33 27.23 0.00 0.31 0.04 9.10 5.94 0.37 0.00 100.32
TDl-4a dacite rim 59.22 26.04 0.01 0.33 0.03 7.57 6.64 0.41 0.00 100.25
TDl-4b dacite core 55.77 28.00 0.04 0.46 0.04 9.85 5.51 038 0.03 99.98
TD1-4C dacite rim 56.95 27.29 0.02 0.37 0.02 8.94 6.01 0.36 0.00 99.96
TDl-4d dacite core 54.83 28.16 0.02 0.54 0.06 10.19 5.31 0.27 0.00 99.38
TDl-5a dacite rim 57.84 26.49 0.00 0.37 0.02 8.44 6.52 0.38 0.00 100.05
TDl-Sb dacite toward core 57.70 27.12 0.00 0.18 0.00 7.67 6.13 0.44 0.00 99.24
TDl-Sc dacite core 61.37 24.18 0.00 0.19 0.01 5.31 7.62 0.77 0.00 99.44
TDl-7a dacite rim 57.22 27.54 0.01 0.31 0.02 8.98 6.00 0.38 0.01 100.46
TDl-7b dacite toward core 57.00 27.27 0.00 0.35 0.03 8.88 5.82 0.40 0.00 99.75
TD1-7C dacite toward core 60.12 24.52 0.04 0.20 0.01 6.54 7.19 0.69 0.01 99.32
TDl-7d dacite toward core 60.43 25.28 0.00 031 0.00 6.31 7.37 0.58 0.00 10030
TDl-7e dacite toward core 60.58 24.93 0.00 0.21 0.01 6.29 7.26 0.59 0.01 99.88
TDl-7f dacite toward core 5837 26.11 0.00 030 0.00 733 6.55 0.41 0.00 98.86
TDl-7g dacite core 60.37 25.10 0.00 0.20 0.01 6.09 7.20 0.61 0.02 99.59
LB13-la andésite rim 54.42 28.50 0.06 0.83 0.07 11.12 4.84 0.43 0.00 100.27
LB13-lb andésite toward core 55.11 27.86 0.02 0.42 0.05 1033 5.05 0.50 0.00 99.24
LB13-1C andésite toward core 55.67 28.16 0.02 0.45 0.04 1037 5.22 0.47 0.00 10030
LB13-ld andésite toward core 56.16 27.73 0.00 0.26 0.03 9.68 5.52 0.49 0.02 99.89
LB13-1C andésite toward core 54.60 28.14 0.02 0.39 0.05 10 11 539 0.45 0.00 99.06
LB13-lf andésite core 58.32 26.33 0.05 0.63 0.10 8.94 5.19 0.86 0.00 100.42
LB13-2a andésite rim 52.77 1.17 0.59 15.86 20.62 8.60 0.16 0.02 0.47 10034
Total Fe expressed as Fê Og
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Appendix D. Polvadera Group EPMA Analyses of Feldspar
Rock type Spot Location SM); AI2O3 TK*: F eA * MgO CmO Nm:0 KgO MnO Total
LB13-3a andésite rim 50.81 3.49 0.78 8.25 15.40 20.80 039 0.02 0.15 100.01
LB13-3b andésite toward core 49.81 4.48 0.89 9.33 15.12 19.78 0.34 0.00 034 100.00
LB13-3C andésite core 483G 5.94 1.36 9.63 14.95 18.92 0.40 0.00 033 99.78
LB13-4» andésite rim 53.40 29.20 0.02 0.74 0.08 11.55 4.51 0.35 0.00 99.84
LB13-4b andésite toward core 52.16 29.79 0.03 0.60 0.10 12.57 3.96 0.19 0.00 99.41
LB13-4C andésite core 51.61 30.53 0.03 0.63 0.07 13.13 3.70 030 0.00 99.89
LB9-5a basait rim 52.90 031 032 23.67 20.84 2.27 0.07 0.01 0.83 101.02
LB 10-1 a b andésite rim 63.52 2233 0.17 0.48 0.01 339 7.90 238 0.01 99.89
LBlO-lc b andésite toward core 66.67 19.59 0.20 0.51 0.01 0.73 7.23 5.01 0.00 99.96
LBlO-ld b andésite core 53.54 29.59 0.11 0.88 0.04 12.07 4.50 032 0.01 101.04
LB10-2a b andésite rim 55.04 28.38 0.14 0.83 0.08 9.84 5.12 0.43 0.01 99.86
LB10-2b b andésite toward core 54.92 29.16 0.02 0.52 0.06 11.11 4.87 033 0.03 101.01
LB10-2C b andésite toward core 54.72 28.90 0.02 0.64 0.05 1133 4.92 034 0.01 100.83
LB10-2d b andésite core 56.67 27.70 0.02 0.67 0.03 10.04 536 0.49 0.02 100.97
LB17-3a basait rim 55.56 28.03 0.10 1.00 0.12 10.26 5.08 0.43 0.00 100.57
LB17-3b basait toward core 56.28 27.83 0.03 0.44 0.07 9.77 5.43 0.50 0.00 100.35
LB17-3C basait core 57.11 27.31 0.03 0.39 0.05 8.89 5.79 0.45 0.00 100.02
LB17-4a basait rim 51.50 31.07 0.06 0.70 0.15 13.89 3.51 0.17 0.00 101.05
LB17-4b basait toward core 51.38 31.19 0.06 0.73 0.05 13.86 3.42 0.21 0.05 100.96
LB17-4d basait toward core 59.97 24.48 0.20 0.75 0.07 6.64 6.31 1.69 0.00 100.11
LB17-4C basait toward core 51.61 30.71 0.04 0.61 0.08 13.35 3.70 0.22 0.00 100.33
LB17-4e basait core 53.69 29.25 0.02 0.56 0.08 11.72 4.62 0.30 0.00 100.24
LB 10-8a baslat rim 53.60 29.12 0.09 0.82 0.05 11.76 4.46 0.27 0.00 100.16
LB 11-5a b andésite toward core 55.49 28.53 0.09 0.70 0.11 10.76 5.08 038 0.04 101.08
LB 11-5b b andésite toward core 52.74 30.31 0.08 0.53 0.14 12.88 4.08 0.15 0.02 100.92
LB11-5C b andésite toward core 52.32 30.51 0.06 0.44 0.13 13.17 3.95 0.13 0.01 100.71
LBll-5d b andésite toward core 52.94 30.27 0.05 0.53 0.18 12.97 4.10 0.16 0.00 101.20
LBll-5e b andésite toward core 52.47 30.31 0.09 0.53 0.19 12.88 4.08 0.14 0.01 100.71
LB ll-5f b andésite toward core 52.39 30.54 0.07 0.52 0.18 13.43 3.82 0.15 0.00 101.11
LBll-5g b andésite toward core 52.04 30.30 0.08 0.64 0.27 13.13 3.72 0.14 0.00 10032
LBll-5h b andésite toward core 51.94 30.77 0.04 0.44 0.14 13.65 3.70 0.13 0.00 100.79
LBll-51 b andésite core 52.15 30.53 0.07 0.48 0.14 13.08 3.87 0.14 0.00 100.46
LBll-6b b andésite toward core 52.01 30.64 0.06 0.49 0.13 13.47 3.83 0.14 0.00 100.77
LBI1-6C b andésite core 54.15 28.71 0.13 0.73 0.15 11.25 4.65 0.27 0.00 100.03
LBll-7a b andésite core 55.49 28.16 0.13 0.51 0.18 10.62 4.89 0.24 0.00 10032
LBll-7b b andésite core 55.46 27.70 0.13 0.53 0.10 10.31 5.25 0.30 0.00 99.79
LB11-7C b andésite core 56.38 2738 0.12 0.60 0.09 9.56 5.96 0.38 0.05 100.41
Total Fe expressed as FegOg




Work within the JVF is complicated by several &ctors including the large aerial 
distribution of volcanic units, limited exposure due to vegetation, the stacking of units 
atop one another, and signihcant amounts of Aulting and erosion throughout the volcanic 
field's evolution. Sampling strategy was based on all the available m^xping that has been 
completed in the JVF (Minchak, 1996; GofF et al., 1990; Gardner, 1985; Smith et al., 
1970; G A. Smidi and Kuhle; unpublished data) in order to constrain the timing and 
geochemical evolution of volcanism within the JVF as accurately as possible. 70 samples 
were collected 6 om each Keres and Polvadera Group rhyolite and dacite vent location 
mapped by Smith et al. (1970). 78 samples of Keres and Polvadera Groig) andésite and 
basalt were collected where the held relations have been examined in detail by Minchak 
(1996), GofF et al. (1990), and Gardner (1985), or, vhere there are thick accumulations of 
either andésite or basalt (e.g., Lobato and Borrego Mesa), along traverses at 200 m 
intervals. A subset of 43 and 22 representative samples were selected for phase chemistry 
and vWiole rock isotopic analysis, respectively, based on pétrographie observations, 
location, geochronology, and m^or and trace element geochemical trends.
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The ages of these same samples were determined using the ^Ai/^Ar dating 
technique.
Samples were not collected hom the Tewa Group, Bearhead rhyolite, or Cerros 
del Rio volcanic Geld because they have been studied in greater depth by odier workers. 
The basalt of El Alto was not sampled because its volume is minor, and basalt of Santa 
Ana Mesa was not targeted for analyGcal work in this project due to its restricted access. 
Thus, the samples collected in this study, coupled with existing geochemical data, 
represent all mapped eruptive units and span the entire erupGve history of the Jemez 
volcanic Geld Gom -16 Ma to -50 ka.
Sample PreparaGon 
Several kilograms of each sample were collected Gom each sampling locaGon. 
Samples chosen for chemical analysis displayed discontinuous to no Gow banding, no
visible alteration, no vugs, and as little devitriGcation as possible. All samples were 
extracted Gom outcrop and edges were trimmed of weathering rinds and visible alteraGon
in the Geld.
Rock samples were powdered for XRF, INA, ^^^d/^^^a, and ^^Sr/̂ Sr analysis 
using a tungsten-carbide-lined Bico™ shatterbox. Fusion beads for major/minor element 
whole rock analysis and pressed pellets for select trace elements were made at the New 
Mexico InsGtute ofMining and Technology's XRF laboratory. For INAA, powdered 
samples were placed in capsules made Gom T21 Grade Suprasil™ (4 mm ID, 6  mm OD) 
tubing. One blank, one blind standard, and 2 dupGcates were also included. Prior to
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EPMA, images of 2 to 5 phenonysts of each phase per thin section were 
obtained using the backscattered electron detector on the JEOL-5600 SEM housed at the 
Electron Microanalysis and Imaging Laboratory (EMIL) at the University of Nevada, Las 
Vegas. The selected phenocrysts are representative of the features observed during 
pétrographie analysis (e.g., resorbtion, optical zoning, rims, cores). A subset of samples 
analyzed by EPMA were chosen for Nd and Sr isotopic analysis. Nd and Sr were 
separated Gom -20 g of rock powder by standard ion exchange techniques following 
sample dissolution in TeGon capsules at the Royal Holloway University of London.
Sample preparation Grr ^Ar/^Ar dating was completed at the Nevada Isotope 
Geochronology Laboratory (NIGL) at the University of Nevada, Las Vegas. Samples 
chosen for ^Ar/^Ar dating contained clear, unaltered feldspar, amphibole, or 
holociystalline groundmass as observed in thin section. The ̂ Ar/^Ar analysis portion of 
the jaw-crushed sample was sieved and the Gaction Gom 0.25 to 0.60 mm in diameter 
was reserved. Approximately 30 to 40 mg of unaltered sanidine, plagioclase, or 
amphibole crystals as well as holocrystalline groundmass fragments were picked Gom the 
reserved Gaction and washed in an ultrasonic bath of 1 M HP (sanidine), 5% by vol. 
HNO3 (groundmass), or acetone (plagioclase and amphibole) for Gnal cleanup.
Instrumental Parameters 
Mfyor and select trace element (Rb, Sr, Nb, Y, Zr) analyses were performed using 
a Rigaku XRF spectrometer at the New Mexico Institute ofMining and Technology using 
procedures outlined by Norrish and Chappell (1977) and Norrish and Hutton (1969). For
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m^or elements, kV/mA was set at 50/30 while trace elements were run at 
50/50 kV/mA. Sût, Glter, and crystals varied according to the elements being analyzed. 
Data reduction was per&rmed by an on-line computer. A large number of well- 
characterized standards were used to calibrate XRF runs. Analytical errors were 
calculated by a proGciency test in i^ c h  the New Mexico Tech XRF laboratory 
participated using standard Bedford Dolerite 0U2 (Thompson et al., 2000).
Trace elements Cs, Co, Mo, Sm, Sc, Tb, U, La, Ce, Eu, Yb, Lu, Ta, Nd, Zn, Sb, 
W, Ba, Th, and were analyzed using INA methods described by Lindstrom and 
Korotev (1982) and Jacobs et al. (1977). INA samples were irradiated at the Phoenix 
Memorial Laboratory Ford Nuclear Reactor at the University of Michigan for 20 hours at 
a Guence of -  1.5 X 10̂  ̂neutrons s/cm .̂ Counts were taken on each sample 1 and 5 
weeks after irradiation at Phoenix Memorial Laboratory Ford Nuclear Reactor at the 
University of Michigan. The laboratory reports a systematic error of 3% resulting from 
position variations of the samples in the sample changer. The analysis was completed 
using the direct comparison INA technique with NIST SRM 1633a, Coal Fly Ash and 
NIST 688 (basalt) as comparison standards. The certiGed elemental concentrations for 
the standards were used where possible. For the non-certiGed elements, the consensus 
mean values from NBS Special PubGcaGon 260-111 were used.
Electron microprobe analyses of nuyor and minor elemental abundances on 
feldspar and pyroxene phenocrysts were competed on the JEOL-8900JX EPMA housed 
in the EMIL GicUity at the University ofNevada, Las Vegas. A 20 nA primary electron 
beam was accelerated to 15 keV and frxmsed to a 1 to 5 pm diameter spot During the
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analysis USNM 115900 Plagioclase (Lake Co.), and USMN 164905 Cr Augite 
(Black Rock Summit Flow) were repeatedly run as standards.
Whole rock Nd and Sr isotope ratios were determined at the Royal Holloway 
University of London using a VG 354 mass spectrometer and a mulGdynamic Gve- 
coUector method (Thirlwall, 1991). ^^^d/^^^d ratios were normalized to ^^^d/^^^d = 
0.7219. During the analysis an intra-laboratory standard gave a ^^^d/^^d = 0.511417 ± 
0.000004 (2o) equivalent to a ALDRICH standard ''^^d/^^d = 0.511418 ± 0.000006 
(Tbrilwall, 1991). IniGal ^^^d/'**Nd ratios do not vary by more than 1 part in 10̂  and 
are therefore not reported. A chondriGc uniform reservoir value of 0.512638 was used for
calculating values. ^Sr/^Sr ratios were normalized to ^Sr/^Sr = 0.1194. The value
of 87gr/̂ §r 6 )r SRM 987 was 0.710247 ± 0.000008 (2o). Rb and Sr concentrations were 
determined by XRF. Blanks were insigniGcant. Initial ^Sr/*^r rados were calculated by 
using a partial derivadve expression for the age equadon which propagates errors in 
measured ^Sr/^Sr, ^^Rb/̂ Sr, and age to an error in initial ^Sr/^Sr.
Samples analyzed by the ^Ar/^Ar method at the University ofNevada, Las Vegas 
were wrapped in A16)G and stacked in 6  mm inside diameter Pyrex tubes. Individual 
packets averaged 3 mm thick and neutron Guence monitors (FC-2, Fish Canyon Tuff 
sanidine) were placed every 5-10 mm along the tube. Synthedc K-glass and opdcal grade 
CaF] were included in the irradiadon packages to monitor neutron induced argon 
interferences from K and Ca. Loaded tubes were packed in an A1 container for 
irradiadon. Samples were irradiated at the Nuclear Science Center at Texas A&M 
University for 7 or 14 hours in the D3 posidon on the core edge (fuel rods on three sides.
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moderator on the fourth side) of the IMW TRIGA type reactor. Irradiations 
are per&rmed in a dry tube device, shielded against thermal neutrons by a 5 mm thick 
jacket of B4C powder. Irradiated crystals together with CaF; and K-glass fragments were 
placed inaCu sample tray in an high vacuum extraction line and were fused using a 20 
W CO2 laser. Measured correction factors of (̂ Ar/^^Ar)x values were 0.0002 (± 150%). 
Ca correction factors were (̂ Ar/̂ ^Ar)ca = 2.67 (± 2.70%) to 2.88 (± 8.97%) x 10  ̂and 
(̂ Âr/̂ Âr)c* = 6.82 (± 1.57%) to 7.79 (± 2.99%) x 10"*. J factors were determined by 
fusion of 3-5 individual FC-2 sanidine crystals vhich gave reproducibilities of 0.13% to 
0.25% at each standard position. Variation in neutron fluence along the 100 mm length 
of the irradiation tubes was <4%. An error in J of 0.5% was used in all age calculations.
Samples analyzed by the furnace step heating method utilized a double vacuum 
resistance furnace similar to the Staudacher et al. (1978) design. Reactive gases were 
removed by a single MAP and two GP-50 SAES getters prior to being admitted to a MAP 
215-50 mass spectrometer by expansion. The relative volumes of the extraction line and 
mass spectrometer allow -80% of die gas to be admitted to the mass spectrometer for 
laser fusion analyses and -76% for furnace heating analyses. Peak intensities were 
measured using a Balzers electron multiplier by peak hopping through 7 cycles; initial 
peak heights were determined by linear regression to the time of gas admission. Mass 
spectrometer discrimination and sensitivity were monitored by repeated analysis of 
atmospheric argon aliquots from an on-line pipette system. Measured **̂ Ar/̂ Ar ratios 
were 292.56 ± 0.25% during this work, thus discrimination corrections of 1.01425 to 
1.02681 ± 0.28% (4 AMU) were applied to measured isotope ratios. The sensitivity of
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the mass spectrometer was -6  x 10'̂  ̂mol mV^ with the multiplier operated at 
a gain of 30 over the Faraday. Line blanks averaged 1.5 mV for mass 40 and 0.01 mV for 
mass 36 for laser fusion analyses, and 8.2 mV hir mass 40 and 0.03 mV for mass 36 for 
furnace heating analyses. Computer automated operation of the extraction line and mass 
spectrometer as well as Gnal data reduction and age calculations were completed using 
LabSPEC software written by B. Idleman (Lehigh University). An age of 27.9 Ma 
(Cebula et al., 1986; Steven et al., 1967) was used for the Fish Canyon Tuff sanidine 
Guence monitor in calculating ages for samples. All data are reported at lo  uncertainty.
*^Ar/^Ar Data Treatment 
For step heating runs a plateau segment consists of 3 or more contiguous gas
fractions having indistinguishable ages (i.e. all plateau steps overlap in age at ± 2a 
analydcal error) and conqrrising a signiGcant porGon of the total gas released (typically
>50%). Total gas (integrated) ages are calculated by weighting the amount of ̂ ^Ar 
released, whereas plateau ages are weighted by the inverse of the variance. A 
pseudoplateau age is a plateau age that is composed of a plateau segment containing more 
than 40% but less than 50% of total gas released. For each sample inverse isochron 
diagrams are examined to check for the effects of excess argon. StadsGcally valid 
isochrons are based on the MSWD criteria of Wendt and Carl (1991) and, as for plateaus, 
must comprise conGguous steps and a signiGcant fracGon of the total gas released. If 
obtained, isochron ages are usually the preferred age of the unit. If neither a valid plateau 
nor isochron age are obtained, the maximum age of the urGt is taken to be the step having
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
243
the youngest age. All analytical data are reported at the conGdence level of lo  
(standard deviaGon) unless otherwise noted.




























Appendix F. Accuracy of XRF Ana^sw






SiOz 51.095 51.24 028
AlzOg 13.801 14.37 4.12
TiOz 2.425 2.46 1.44
F0 2 O3 * 13.253 13.32 0.5
MgO 5.585 52 6.89
CaO 8.994 8.78 2.38
Na; 0 2.480 2.730 10.08
K2 O 0.990 0.983 0.71
MnO 0.170 0.171 0.59
P2 O, 0.300 0.33 1 0
Rb 25.44 22.40 1195
Sr 403.7 383 5.13
Y 30.93 31.70 2.49
Zr 200.5 182.00 9.23
Nb 1725 14.90 13.62
Ni 51.77 47.10 9.02
Pb 13.12 1 2 . 0 0 8.54
Total Fe expressed as Fc2 0 3
NOTE: Standard Beiford Dolerite was analyzed by 75 
laboratories internationally. The Proficiency Test Mean 
is the mean of all the analyses for a given element and is 
taken to be the composition of the dolerite standard.
The Proficiency Test Mean and NMT Results values 
were taken from Thompson et al. (2000).
% Accuracy = ((NMT Results-Prof. Test Mean)/Prof. Test Mean) *100,
therefore, the smaller the numerical value, the greater the
accuracy.
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Appendix G. Precwion and Accuracy of INA Amdyah
Standard NIST 1633B (Coal Fly Aah)
Element
Pnbllahcd
concentration Mean lo % Accuracy %CV
Ba 709 754 155.7167 6.3 20.7
Sc 41 41.0 0.5601 1.1 1.4
Cr 198 202.5 4.1870 2.3 2.1
Ni 121 123.2 38.9636 1.8 31.6
Cs 11 10.7 0.3701 2.6 3.5
La 94 92.3 1.7693 1.8 1.9
Ce 190 164 75.1099 13.9 45.9
Nd 85 94.7 41.0853 11.4 43.4
Sm 20 192 0.4557 42 2.4
Eu 4.1 4.0 0.1047 1.4 2.6
Tb 2.6 2.7 0.2023 5.6 7.4
Yb 7.6 7.6 0.3228 0.2 4.3
Lu 1.2 1.1 0.0476 8.0 4.3
Hf 6.8 6.8 02413 0.3 5.0
Ta 1.8 1.9 0.1811 6.5 9.5
Th 25.7 25.2 0.4637 1.8 1.8
U 8.79 9.7 1.1787 10.3 122
NOTE: 6 replicate analyses of standard NIST 1633B were used to determine the accuracy 
and precision of INA. Published concentrations were taken from the Special Issue of 
Geostandards News Letter (July 1994).
Standard NIST 688 (Basalt)
Published
Element concentration Mean lo % Accuracy %CV
Ba 200 265 70.5162 32.3 26.6
Sc 38.1 36.9 0.5801 3.0 1.6
Cr 332 327.2 6.9655 1.4 2.1
Ni 150 159.5 58.0906 6.3 36.4
Cs 024 0.72 0.0561 199.2 7.8
La 52 5.5 02435 3.8 4.4
Co 13.3 10.1 2.8234 242 28.1
Nd 9.6 40.1 6.7864 317.4 16.9
Sm 2.79 2.5 0.0365 11.5 1.5
Eu 1.07 1.0 0.0516 4.5 5.0
Tb 0.45 0.51 0.0574 12.3 11.4
Yb 2.09 2.0 0.1791 22 8.8
Lu 024 0.31 0.0283 7.6 9.0
Hf 1.6 1.6 02784 1.6 232
Ta 0.31 0.51 0.6647 63.8 130.9
Th 0.33 0.64 02140 93.4 33.5
U 0.37 1.9 0.4501 411.9 23.8
NOTE: 6 replicate analyses of standard NIST 688 were used to determine the accuracy 
and precision of INA. Published concentrations were taken from the Special Issue of 
Geostandards News Letter (July 1994).
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Appendix H. Precision and Accuracy of Electron Microprobe Amafysb
Element
Published
Concentratkm Mean lo %Accnracy %CV
AI2 O3 30.91 30.87 021 0.14 0.67
CaO 13.64 13.28 0.25 2.67 1.91
KzO 0.18 0.13 0.01 29.32 11.47
Na^O 3.45 3.70 0.11 724 2.87
SiOz 51.25 51.70 022 0.87 0.62
FeA * 0.46 0.41 0.03 10.52 620
TiOz 0.05 0.03 0.01 41.81 49.76
MgO 0.14 0.13 0.01 4.47 6.70
MnO 0 01 0.01 0 01 0.00 168.01
* Total Fe expressed as Fe2 0 3
NOTE: 70 replicate analyses of standard USNM 115900 Plagioclase were used to 
determine the accuracy and precision of electron microprobe analysis. Published 
concentrations were taken from Jarosewich et al. (1980).
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